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Preface 


LSENS, the Lewis General Chemical Kinetics and Sensitivity Analysis Code, has been 
developed for homogeneous, gas-phase chemical kinetics computations and contains 
sensitivity analysis for a variety of problems, including nonisothermal situations. The code 
is described in a series of three reference publications, which also provide a detailed guide 
to its use and many illustrative test problems. 

LSENS has been designed for accuracy, efficiency, flexibility, and convenience. A variety 
of chemical reaction models can be considered: static system; steady, one-dimensional, 
inviscid flow; reaction behind an incident shock wave, including boundary layer correction; 
and perfectly stirred (highly backmixed) reactor. In addition, the chemical equilibrium state 
can be computed for the assigned states of temperature and pressure, enthalpy and pressure, 
temperature and volume, and internal energy and volume. Any reaction problem can be 
adiabatic, have an assigned heat transfer profile, or for static and flow problems, have an 
assigned-temperature profile. For static problems either the density is constant or the 
pressure-versus-time profile is assigned. For flow problems either the pressure or area can 
be assigned as a function of time or distance. For a static reaction sensitivity coefficients of 
the dependent variables and their temporal derivatives with respect to the initial values of the 
dependent variables and/or the three rate coefficient parameters of the chemical reactions can 
be obtained. 

LSENS checks the legality and sufficiency of all input. At the user’ s option LSENS checks 
the reaction mechanism for uniqueness and ensures that each reaction satisfies charge and 
atom balance requirements. 

Fart I of the series (NASA RP-1 328), consisting of chapters 1 to 7, presents the theory and 
the numerical solution procedures used in LSENS. The ordinary differential equations 
(ODE’s) describing chemical kinetics problems are derived in chapter 2. Chapter 3 describes 
the numerical integration method and how it is implemented. In chapter 4 the governing 
ODE’s for sensitivity analysis are derived and the solution method and numerical algorithm 
explained. The governing equations and solution methods for the chemical equilibrium state, 
equilibrium and frozen thermodynamic states behind an incident shock wave, and perfectly 
stirred reactor problems are presented in chapters 5 to 7. 

Part II of the series (NASA RP-1 329), consisting of chapters 8 to 1 3 and appendixes A to 
C, describes LSENS, its usage, and how to modify it. Chapter 8 describes the computational 
capabilities and convenience features built into the code. Chapter 9 presents its structure and 
description. Chapter 1 0 lists modifications that may be required to implement LSENS on the 
user’s computer system. Chapter 1 1 provides a guide to code usage and describes how to 
prepare the input data files required to execute LSENS. The output information generated by 
the code is discussed in chapter 12. Example problems illustrating both problem data file 
construction and code usage are given in chapter 1 3. These examples supplement chapter 1 1 
by providing additional guidance on preparation of the problem data file. 
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Preface 

The partial derivatives required by the numerical solution procedures detailed in chapters 
3, 4, and 7 are derived in appendix A. Appendix B show;; how to access the system clock for 
several common computing systems so that execution times can be measured. Appendix C 
describes the modifications required to change the built-in values for various quantities. 

This volume, part III of the series (appendixes D and E), explains the example problems 
provided with LSENS and presents sample results. Appendix D describes the kinetics test 
cases. These problems illustrate the various reaction models that can be solved by, and 
options built into, LSENS. Appendix E describes the kinetics-plus-sensitivity-analysis test 
cases supplied with the code. The examples in the two appendixes cover a variety of problem 
ty pes and so should serve as useful models for the structure of the problem data file required 
to execute the code. Indeed, it is likely that the desired file can be produced by modifying one 
of the test cases. 

Details regarding code availability and procurement can be obtained from COSMIC, 
328 East Broad Street, University of Georgia, Athens, GA 30602 (Telephone: 706-542-3265). 
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Appendix D 

Kinetics Test Cases 


In this appendix we describe 16 kinetics-only (i.e., no sen- 
sitivity analysis) test cases that are provided with the code. 
These cases were chosen to illustrate both the problem types 
that can be solved by LSENS and the options built into it. 
Therefore users can find among them a model problem that 
can be easily modified to suit their needs. In order to demon- 
strate the various options for the ACTION switch, all cases 
were set up in a single data file, which is listed in table D.l. 
We now describe each problem in some detail, including the 
source of the chemical mechanism used. 

Description of Test Cases 

Case 1 

The first case illustrates the shock-wave-initiated adiabatic 
decomposition of pure bromine. It shows the use of the 
shock kinetics option and the boundary layer correction for 
area given by Mirels (refs. 1 to 3). The variable SHOCK is 
set to TRUE in namelist PROB and the boundary layer pa- 
rameters LSUBM and ETA are also given. The values of 
pressure, Mach number, and temperature in namelist START 
are the incident shock conditions. The inert species xenon is 
listed on the line following the blank line that signals the end 
of the reaction list. The composition of the initial 
(unshocked) gas mixture is given as mole fractions following 
namelist START, and the list is ended with an END line. The 
rate expression used for the decomposition reaction was mea- 
sured by Warshay (ref. 4). The namelist SOLVER, which 
lists the error control parameters EMAX and ATOLSP, is at 
the end of the data, just before the FINIS card, which ends 
the case. 

Case 2 

Test case 2 is a stoichiometric hydrogen-air ignition in 
supersonic flow through a constant-area duct with heal trans- 
fer from the system computed as a linear function of tem- 


perature. For this and all other completely new cases the 
word NEW appears on the ACTION line after the title. The 
hydrogen-oxygen reaction mechanism is that of Brabbs and 
Musiak (ref. 5), and the nitrogen-oxygen-hydrogen reactions 
are from Brabbs et al. (ref. 6). Namelist PROB contains the 
area profile information (the constant area CXO), the heat 
transfer equation coefficients HTO and HT1 , and the list of 
print stations (in centimeters) in the array PRINT. Initial 
composition is given by the special input, which specifies 
fuel name and stoichiometry plus equivalence ratio for the 
fuel-standard air mixture in namelist START. The fuel name, 
H2, appears in columns 41 and 42 of the integration and as- 
signed variables, units, and fuel name line. Because the stan- 
dard air contains small percentages of nonreacting carbon di- 
oxide and argon, these species are listed as inert species after 
the reaction list. 

Case 3 

This third case is the same problem as case 2 and illus- 
trates the use of the CHANGE and ADD options of the 
ACTION switch. We have temporarily changed the pre- 
exponential factor for the reaction 2 HO 2 - H 2 O 2 + O 2 and 
added the reaction of an oxygen atom with H 2 O 2 to the 
mechanism to test the effect of these changes on the com- 
puted results. Both the CHANGE and ADD lists end with a 
blank line. The word REPEAT should not be used after the 
ADD list because LSENS automatically uses the rest of the 
mechanism and other data that are unchanged from the previ- 
ous case. On the integration and assigned variables, units, 
and fuel name line U.S. customary (FPS) units have been 
specified for the input of any new data. The only new infor- 
mation that is given in namelist PROB is the print station list 
(in feet). We have also set the variable EXCHR equal to 
TRUE to obtain the printout of net energy exchange rates for 
each reaction instead of the net reaction conversion rates. In 
namelist START initial temperature and pressure are given in 
U.S. customary units, and the mass fuel-oxidant ratio is given 
for the initial mixture. The stoichiometric coefficients of the 
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D. Kinetics Test Cases 

fuel are not needed when this ratio is given, but they are 
saved automatically when the ADD or REPEAT option is 
used. Comparing the computed results of cases 2 and 3 
showed close agreement. Therefore the two changes made 
in the mechanism for this case were not used in any other 
test cases. 

Case 4 

Case 4 is the ignition of a stoichiometric hydrogen-oxygen 
mixture flowing in a duct whose pressure profile is assigned 
as a linear function of distance. The flow is subsonic and 
heat transfer is assigned as a linear function of temperature. 
The default value of QMREAD is TRUE; it has been set in 
namelist PROB only for illustrative purposes. The chemical 
mechanism is the hydrogen-oxygen portion of the mecha- 
nism of case 2, and the initial composition is given by the 
same method used for that case. However, because the oxi- 
dant is pure oxygen rather than the standard air, the variables 
ARAT, NOXRAT, and CRAT are set equal to zero. Output is 
specified in U.S. customary (FPS) units, but input is in the 
default (CGS) units. Therefore, the values given in the array 
PRINT are in centimeters. 

Case 5 

Case 5 is the static ignition of a methane-oxygen-nitrogen 
mixture with an assigned pressure profile that increases lin- 
early with time. Heat transfer from the system is given by 
the Otto cycle correlation option in LSENS. Note that in 
namelist PROB the logical variable QMREAD must now be 
set equal to FALSE, and values of the variables BORE, 
STROKE, TWALL, and RPM are given. The chemical 
mechanism builds on that of case 2 by adding the oxidation 
and decomposition reactions of methane and its oxidation 
products ethane, ethylene, and acetylene, as well as the reac- 
tions of carbon monoxide and the formyl (HCO) radical. 
Also included are reactions of ketene (C 2 H 2 O), the ketyl 
(C 2 HO) radical, and formaldehyde. All C-H-O reactions 
were taken from references 7 and 8. Initial mixture composi- 
tion is given by listing species mole fractions after namelist 
START. 

Case 6 

Case 6 is the adiabatic ignition of a methane-oxygen- 
nitrogen mixture in supersonic Bow at a constant assigned 
pressure of 1 .73 atm. A trace amount of CN radical is also 
present in the oxidant. The chemical mechanism is the same 
as for case 5. In namelist PROB the logical variable 
COMBUS has been set equal to TRUE so that the code will 
perform an assigned-pressure and assigned-enthalpy equilib- 
rium computation, which gives the final conditions that the 
kinetics computations would approach at long reaction times. 


With the pressure assigned, LSENS computes a reaction area 
profile as a function of distance. 

Case 7 

Case 7 is the same methane-air problem as case 6. How- 
ever, the area profile computed in case 6 is now assigned as a 
table of distance and area values, and pressure is computed. 
We illustrate here the use of the REPEAT option of the 
ACTION switch. Output is requested at values of the area 
that are listed in the array APRINT, and COMBUS is set 
equal to FALSE so that an equilibrium calculation is not per- 
formed. Computed results are close to, but not identical to, 
those of case 6. Small differences arise because area is now 
computed by interpolation from the table of values at each 
step. 

Case 8 

Case 8 is also the same methane-air problem as case 6. 
Now both the area and temperature profiles computed in 
case 6 are assigned as tables of values. The REPEAT option 
is used again to save data from the previous case, including 
the area-versus-distance table that was used in case 7. 
Because temperature is assigned as a function of distance in 
namelist TMPDAT, output is requested at values of tempera- 
ture, which are assigned in the array TPRINT. Note that only 
pressure and Mach number are assigned in namelist START. 

Case 9 

Case 9 is a methane-air reaction in supersonic flow with 
both temperature and pressure assigned constant values. The 
REPEAT option is used again so that the chemical mecha- 
nism of case 6 is used. The variable COMBUS is set equal to 
TRUE sc that an assigned-pressure and assigned-temperature 
equilibrium problem will be performed before the kinetic 
computa! ion. Note that the constant pressure is assigned by 
setting C XO in namelist PROB and the assigned constant 
temperat ire is given by setting CXO in namelist TMPDAT. 

Case 10 

Case 10 is the adiabatic, constant-volume ignition of 
methanol and oxygen in a static system. The mechanism was 
obtained adding to the reactions of case 6 ten reactions in- 
volving methanol and CH 2 OH taken from reference 9. The 
variable RHOCON is set equal to TRUE in namelist PROB. 
The simplified combustion input is used for this rich (fuel- 
oxygen equivalence ratio, 2.0) mixture. However, very small 
initial concentrations of three trace species are also read in 
following namelist START These additional mole fractions 
may be read in if their sum does not exceed the code error 
limit (I .Ox 1 0 -4 ) lor the deviation of the initial mole fraction 



sum from unity. Note also that the starting pressure of 1 atm 
is written as 760 mm of mercury and the variable MMHG is 
set equal to TRUE in namelist START. 

Case 11 

Case 1 1 illustrates a propane-air perfectly stirred reactor 
(PSR) combustion process followed by a flow reaction of the 
products expanding through a diverging nozzle. The reaction 
mechanism is obtained by adding three propane and propyl 
radical reactions (ref. 8) to the methane-air mechanism of 
case 6. We demonstrate, first of all, a typical assigned-mass- 
flow-rate PSR problem setup in namelist WSPROB and, sec- 
ond, the option to perform an assigned-area flow problem by 
using the output conditions from the PSR as input conditions 
for the flow problem. The variables WELSTR and WSFLOW 
have both been set equal to TRUE in namelist PROB. How- 
ever, setting only WSFLOW equal to TRUE also tells 
LSENS to set WELSTR equal to TRUE and perform both 
problems. Note that the data for the flow problem in namelist 
PROB include the setting of the logical variable ROCKET 
equal to TRUE for rocket performance parameter computa- 
tions. Values of ATHROT and PC must also be given. 

Case 12 

Case 12 is the high-temperature ionization of air in 
constant-area subsonic flow. It shows the use of the logical 
variables DBUGO and ORDER in namelist PROB to obtain 
the individual net molar formation rates of each species by 
every reaction in which the species participates. Setting 
ORDER equal to TRUE is probably more useful, because the 
net production rates are printed in order of decreasing magni- 
tude and none of the zero rates are printed. The chemical 
mechanism contains reactions of both neutral and ionic spe- 
cies. Rate expressions for neutral-species reactions are the 
same as those used for previous test cases. However, the 
conversion between oxygen atoms and molecular oxygen is 
written as the recombination process here. The rate expres- 
sion for it is taken from reference 10, with the preexponential 
factor increased because the collision partners are N 2 and O 2 
instead of argon. Rate expressions for ion-molecule reactions 
were taken from reference 1 1 . 

Case 13 

Case 13 is the high-pressure reaction of hydrogen and car- 
bon monoxide in a constant-volume, constant-temperature 
static system. The variable COMBUS is set equal to TRUE 
to obtain an assigned-temperature and assigned-volume equi- 
librium computation. The variables RHOCON and TCON 
are set equal to TRUE in namelist PROB, and initial tempera- 


Listing of Results 

ture and pressure are assigned in namelist START. The 
chemical mechanism is a small portion of the mechanism of 
case 6. 

Case 14 

Case 14 is the photolytic ignition of a stoichiometric 
hydrogen-oxygen mixture in a constant-volume static system. 
The variable COMBUS is set equal to TRUE to obtain an 
assigned-internal-energy and assigned-volume equilibrium 
computation. The chemical mechanism is that of case 4 with 
the addition of the photolysis of the H? and O 2 molecules. 
The constant rate coefficients for these reactions were set 
arbitrarily to give ignition at about 1 s of reaction time. 

Case 15 

Case 15 is a methane-air ignition reaction in supersonic 
flow with the area profile assigned as a table of monotoni- 
cally decreasing values in the array ATB as a function of the 
increasing XTB values (namelist PROB). The print stations 
are assigned at values of the area and are given in the array 
APRINT. Note that they are given in decreasing order, as are 
the ATB values, and that values different from those in the 
area table may be given. The first value in the ATB array 
should not be given in the APRINT array. It will be ignored 
if present. For this problem initial values of temperature, 
Mach number, and pressure are set in namelist START. 

Case 16 

Case 16 is the same as case 15 except for the designation 
of print stations, and therefore the REPEAT action option has 
been used. The print stations are listed as values of distance 
in the array PRINT and are, of course, in increasing order. 
We have repeated the ATB and XTB arrays in namelist 
PROB for illustration purposes only. These arrays are saved 
by use of the REPEAT option and do not have to be listed 
again unless the user wants to do so. 

Listing of Results 

The test case file in table D.l was executed on a Sun 
SPARCstation 1 computer using the Sun 4.1.3 operating sys- 
tem and the Sun FORTRAN compiler using level 2 optimiza- 
tion except for subroutine KINP, which had to be compiled 
with no optimization. Sample pages from the output are 
shown in table D.2. The total execution time for all 16 test 
cases was approximately 154 s. This time will be signifi- 
cantly shorter for mainframe computers and the current more 
powerful workstations from Sun and other manufacturers. 


3 



TABLE D.l. — PROBLEM DATA FILE FOR KINETICS -ONLY TEST CASES 


TAPE 

LSENS BROMINE DISSOCIATION IN A SHOCK TUBE 
M + BR2 — 2 . OBR 6.99E+11 0.50 

THIRDBODY 

BR2 3.80 END 


CASE 1 
35500 . 


XE 

DISTANCE AREA 

&prob lsubm=322 00 . 0 , eta^O.5, shock= . true . , 
print=0 .05,2.0,4.0, &end 
&start p— 0 .1227 , mach=3 . 2646 , t=299.9, tend 
BR2 0.01 

XE 0.99 

END 
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TABLE D.l. — Continued. 
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scc=0.0, sch=2.0, scox=0.0, noxrat=0.0, arat=o.o, crat=0.0, tend 

END 


tsolver 

emax 

=5 . 0E- 

6, atolsp=1.0E- 

13, 

tend 




FINIS 










LSENS 

CH4 

- 02 ■ 

N2 MECH . BATCH 

RXN 

. WITH 

OTTO CYCLE HEAT 

LOSS 

CASE 

NEW 










M 

+ 

CH4 

= 

CH3 

+ 

H 

2 . OE+17 

0. 

88000 

H 

+ 

CH4 

= 

CH3 

+ 

H2 

1.26E+14 

0. 

11900 

CH4 

+ 

02 

= 

CH3 

+ 

H02 

7 . 94E+13 

0. 

56000 

O 

+ 

CH4 

= 

CH3 

+ 

OH 

1 .9E+14 

0. 

11720 

OH 

+ 

CH4 

=5 

CH3 

+ 

H20 

2 . 5E + 13 

0. 

5010 . 

CH3 

+ 

02 

= 

CH30 

+ 

0 

2.4E+13 

0 . 

28680 

CH3 

+ 

OH 

= 

CH30 

+ 

H 

6 . 3E+12 

0. 

0 . 

M 

+ 

CH 30 

= 

CH20 

+ 

H 

5. OE+13 

0. 

21000 

CH3 

+ 

CH3 

= 

C2H6 



2 . 4E+14 

- .4 

0. 

H 

+ 

C2H6 

= 

C2H5 

+ 

H2 

1 . 32E+14 

0. 

9700 . 

O 

♦ 

C2H6 

= 

C2H5 

+ 

OH 

1 .13E+14 

0. 

7 850 . 

OH 

+ 

C2H6 

- 

C2H5 

+ 

H20 

8.7E+13 

0. 

3520 . 

M 

+ 

C2H5 

— 

C2H4 

+ 

H 

1 .OE+17 

0. 

31000 

C2H5 

+ 

02 

= 

C2H4 

+ 

H02 

2 . OE+12 

0. 

5000 . 

H 

+ 

C2H5 

= 

C2H4 


H2 

4 . 8E+13 

0. 

0 . 

CH3 

+ 

CH2 

= 

C2H4 

+ 

H 

2 .OE+13 

0. 

0 . 

H 

+ 

C2H4 

= 

H2 

+ 

C2H3 

1.5E+14 

0. 

10200 

M 

+ 

C2H4 

= 

C2H2 

+ 

H2 

2 . 6E+17 

0. 

79300 

C2H4 

+ 

OH 

- 

C2H3 

+ 

H20 

4 . 8E+12 

0 . 

1230 

C2H4 

+ 

OH 


CH3 

+ 

CH20 

2 . OE+12 

0. 

960. 

C2H4 

+ 

0 


CH3 

+ 

HCO 

3.3E+12 

0. 

1130 

C2H4 

+ 

0 

= 

CH20 

+ 

CH2 

2 . 5E+13 

0. 

5000 . 

M 

+ 

C2H3 


C2H2 

+ 

H 

3 . OE+15 

0. 

32000 

C2H3 

+ 

02 

= 

CH20 

+ 

HCO 

3 . 98E+12 

0. 

-250 

C2H3 

+ 

H 

= 

C2H2 

+ 

H2 

6 . OE + 12 

0 . 

0. 

C2H3 

+ 

0 


C2H20 

+ 

H 

3 . 3E + 13 

0. 

0 . 

C2H3 

+ 

OH 

= 

C2H2 

+ 

H20 

5 . OE+12 

0. 

0 . 
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TABLE D.l. — Continued. 


C2H3 

+ 

CH2 

= C2H2 

+ 

CH3 

3 . OE+13 

0 . 

0 . 

C2H3 

+ 

C2H 

=2 . 0C2H2 



3.0E+13 

0. 

0 . 

M 

+ 

C2H2 

= C2H 

+ 

H 

4 . 2E+16 

0. 

107000 

C2H2 

+ 

0 

= CH2 

+ 

CO 

1 .6E+14 

.0 

9890 . 

C2H2 

+ 

0 

= C2H0 

+ 

H 

4 . 0E+ 14 

0.0 

10660 . 

C2H2 

+ 

OH 

= C2H 

+ 

H20 

6 . 3 E+12 

0.0 

7000 . 

C2H2 

+ 

OH 

= C2H20 

+ 

H 

3 . 2E+11 

0.0 

200 . 

C2H 

+ 

02 

= C2H0 

+ 

0 

5 . OOE+13 

0 . 

1500 . 

C2H 

+ 

OH 

= C2H0 

+ 

H 

2 . OE+13 

0 . 

0 . 

C2HO 

+ 

02 

=2 . OCO 

+ 

OH 

1 . 46E+12 

0. 

2500 . 

C2HO 

+ 

0 

— 2 . OCO 

+ 

H 

1 . 202E+12 

0 . 

0. 

C2HO 

+ 

OH 

=2 . OHCO 



1 .OE+13 

0. 

0 . 

C2HO 

+ 

H 

= CH2 


CO 

5 .OE+13 

0 . 

0 . 

C2HO 

+ 

CH2 

= C2H3 

+ 

CO 

3 .OE+13 

0. 

0 . 

C2HO 

+ 

CH 2 

= CH20 

+ 

C2H 

1 .OE+13 

0 . 

2000 . 


2 

. OC2HO 

= C2H2 

+ 2 , 

. OCO 

1. OE+13 

0. 

0 . 

C2H20 

+ 

OH 

= CH20 


HCO 

2 . 8E+13 

0. 

0. 

C2H20 

+ 

OH 

= C2H0 

+ 

H20 

7 . 5E+12 

0 . 

3000 . 

C2H20 

+ 

H 

= CH3 

+ 

CO 

1 . 13E+13 

0 . 

3428. 

C2H20 

+ 

H 

= C2H0 

+ 

H2 

7 . 5E+13 

0 . 

8000 . 

C2H20 

+ 

0 

= C2H0 

4- 

OH 

5 .OE+13 

0. 

8000 . 

C2H20 

+ 

O 

= CH20 

+ 

CO 

2 .OE+13 

0 . 

0. 

M 

+ 

C2H20 

= CH2 

+ 

CO 

2 . OE+16 

0 . 

60000 . 

C2H 

+ 

0 

- CO 

+ 

CH 

5 . OE+13 

0 . 

0. 

CH30 

+ 

02 

= CH20 

+ 

H02 

1 . OE+13 

0. 

717 0. 

CH30 

+ 

H 

= CH20 

+ 

H2 

2 . OE+13 

0 . 

0 . 

M 

+ 

CH 20 

= HCO 

+ 

H 

5 .OE+16 

0 . 

81000 . 

CH20 


OH 

= HCO 

+ 

H20 

3 . OE+13 

0 . 

1200 . 

CH20 

+ 

H 

= HCO 

+ 

H2 

2 . 5E+13 

0 . 

3990 . 

CH 20 

+ 

0 

= HCO 

+ 

OH 

3 . 5E+ 1 3 

0. 

3500 . 

CH3 

+ 

CH20 

= CH4 


HCO 

1 . 0E+10 

0. 5 

6000 . 

CH3 

+ 

HCO 

- CH4 

+ 

CO 

3 . 0E+ 11 

.5 

0 . 

CH3 

+ 

HO 2 

= CH30 

+ 

OH 

2 .OE + 13 

0 . 

0. 

M 

+ 

CH 3 

= CH2 

+ 

H 

1 .95E+16 

0 . 

91600 . 

H 

+ 

CH3 

= H2 

+ 

CH2 

2.7E+11 

. 67 

25700 . 

O 

+ 

CH 3 

= OH 

+ 

CH2 

1 .9E+11 

.68 

25700 . 

OH 


CH3 

- H20 

+ 

CH2 

2 .7E + 11 

.67 

25700 . 

CH 

+ 

CO 2 

= HCO 

+ 

CO 

3 . 7 E+12 

0. 

0 . 

CH 

¥ 

02 

= HCO 

+ 

0 

1 .OE+13 

0. 

0 . 

CH2 

+ 

02 

= CH 20 

+ 

0 

5 . OE+11 

0 . 5 

6960 . 

CH2 


O 

- CH 

+ 

OH 

2 . OE+11 

.7 

25800 . 

CH2 

+ 

OH 

** CH 

+ 

H20 

5. OE+11 

.5 

5900 . 

CH2 

+ 

H 

= CH 

+ 

H2 

3 . 2E+11 

0.7 

4970 . 

CH2 

+ 

CH2 

= C2H3 

+ 

H 

5 . OE+12 

0. 

0 . 

CH2 

4- 

CH2 

= C2H2 

+ 

H2 

4 .OE+13 

0. 

0 . 

HCO 

+ 

02 

= CO 

f 

H02 

3 . OE+13 

0. 

0 . 

HCO 

+ 

0 

= CO 

+ 

OH 

3 . OE+13 

0. 

0 . 

HCO 

+ 

OH 

= CO 

+ 

H20 

3 .OE+13 

0 . 

0 . 

HCO 

+ 

H 

= CO 

+ 

H2 

2 . OE+13 

0. 

0 . 

M 

+ 

HCO 

= H 

+ 

CO 

2 . 9E+14 

0 . 

15570. 

CO 

+ 

0 

= CO 2 

+ 

M 

2 . 4E+15 

0 . 

4100 . 

CO 

+ 

02 

= CO 2 

+ 

0 

2 . 5E+12 

0. 

47690 . 

CO 

+ 

OH 

= CO 2 

+ 

H 

4 . 17E+11 

0 . 

1000 . 

CO 

+ 

H02 

= CO 2 


OH 

5 .7 5E + 13 

0. 

22930 . 

0 

+ 

H20 

= OH 

+ 

OH 

6 . 8E+13 

0 . 

18365 . 

H 

+ 

02 

= OH 

+ 

O 

1 .89E+14 

0 . 

16400 . 

0 

4- 

H2 

= OH 

+ 

H 

4 . 20E+14 

0 . 

13750 . 

H 

+ 

H02 

= H2 

+ 

02 

7 . 28E+1 3 

0. 

2126 . 

0 

■f 

H02 

- OH 

+ 

02 

5 . OE+13 

0 . 

1000 . 

H02 

+ 

OH 

= H20 

+■ 

02 

8 . OE+12 

0 . 

0. 

H 

4- 

H02 

=2 . OOH 



1 . 34E + 14 

0. 

107 0 . 

H2 

+ 

H02 

= H202 

•f 

H 

7 . 91E + 13 

0. 

25000 . 

OH 

+ 

H202 

= H20 

+ 

H02 

6 . 1E+12 

0. 

1430 . 

H02 

+ 

H02 

= H202 

+ 

02 

1. 8E+12 

0. 

0 . 

H 

+ 

H202 

= OH 

+ 

H20 

7 . 8E+11 

0. 

0 . 

M 

+ 

H202 

=2 . OOH 



1 .44E+ 17 

0 . 

45510 . 

THIRDBODY 








H2 

2 . 

, 30 02 

.78 


H20 

6.0 H202 

6 .6 

END 









H2 

+ 

OH 

= H20 

+ 

H 

4 .74E+13 

0 . 

6098 . 

H 

+ 

02 

= H02 

+ 

M 

1 .46E+15 

0 . 

-1000 . 

THIRDBODY 








02 

I . 

30 N2 

1 . 3 


H20 

21.3 CO 2 

7 .0 

END 









M 

+ 

H20 

= H 

+ 

OH 

1 .30E+15 

0 . 

105140 . 

THIRDBODY 








H2 

4 . 

00 02 

I . 5 


H 20 

20.0 N2 


1.5 

CO 2 

4 . 

.0 END 







H 

+ 

O 

= OH 

+ 

M 

7 . 1E+18 

*1 . 

0 . 

M 

4 - 

H2 

- H 

4 - 

H 

2 . 2E+14 

0 . 

96000 . 

THIRDBODY 








H2 

4 . 

10 02 

2 . 0 


H20 

15. 0 N2 


2.0 
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TABLE D.l. — Continued. 


END 


M 


02 

= 

0 

+ 

CH 

+ 

N2 

= 

HCN 

+ 

CN 

+ 

H2 

= 

HCN 

+ 

0 

+ 

HCN 

= 

OH 

+ 

OH 

+ 

HCN 

= 

HNCO 

+ 

CN 

+ 

O 

= 

CO 

+ 

CN 

+ 

OH 

— 

NCO 

+ 

H2 

+ 

NCO 

= 

HNCO 

+ 

HNCO 

+ 

H 

= 

NH2 

+ 

CN 

+ 

02 

as 

NCO 

+ 

CN 

+ 

C02 

= 

NCO 

+ 

0 

+ 

NCO 

= 

NO 

+ 

N 

+ 

NCO 

= 

N2 

+ 

H 

+ 

NCO 

=s 

NH 

+ 

CH 

+ 

NO 

= 

N 

+ 

CH 

+ 

NO 

- 

0 

+ 

NH 

+ 

OH 

as 

N 

+ 

H02 

+ 

NO 

“ 

NO 2 

+ 

O 

+ 

NO 2 

= 

NO 

+ 

NO 

+ 

O 

= 

NO 2 

+ 

NO 2 

+ 

H 

= 

NO 

+ 

NO 

+ 

H 

SB 

N 

+ 

NO 

+ 

O 

as 

N 

+ 

O 

+ 

N2 

=s 

NO 

+ 

N 

+ 

NO 2 

=2 . 

. ONO 


M 

+ 

N20 

- 

N2 

+ 

0 

+ 

N20 

as 

N2 

+ 

0 

+ 

N20 

=2 , 

. ONO 


N20 

+ 

H 

= 

N2 

+ 

NO 2 

+ 

H2 

= 

HNO 2 

+ 

OH + 

THIRDBODY 

0 

N02 

.70 H2 


HNO 3 

1. 

+ 

.4 

OH 

+ 

NO 

= 

HN02 

+ 

HNO 

+ 

H 

as 

H2 

+ 

H 

+ 

NO 

as 

HNO 

+ 

HNO 

+ 

OH 

= 

H20 

♦ 


0 

1 . 80E+18 

-1 . 

118020 

N 

1.0E+11 

0. 

19000 . 

H 

6 . OE+13 

0. 

5300. 

CN 

1.4E+11 

.68 

16900 . 

H 

4 . OE+11 

0. 

2800 . 

N 

1.2E+13 

0 . 

0 . 

H 

2.SE+14 

0. 

6000 . 

H 

1. OE+14 

0. 

9000 . 

CO 

1.0E+14 

0. 

8500 . 

O 

3 . 2E+13 

0 . 

1000 . 

CO 

3 . 7E+12 

0 . 

0 . 

CO 

2 . OE+13 

0 . 

0 . 

CO 

1 . OE+13 

0 . 

0. 

CO 

2 . OE+13 

0 . 

0. 

HCO 

1.6E+13 

0 . 

9940 . 

HCN 

2.0E+12 

0 . 

0 . 

H20 

5. OE+11 

0.5 

2000 . 

OH 

2 . 09E+12 

0. 

-477 . 

02 

1. OE+13 

0 . 

596 . 

M 

5 . 6 2E+15 

0 . 

-1160 . 

OH 

3 .47E+14 

0. 

1470 . 

OH 

2 . 63E+14 

0 . 

50410 . 

02 

3 . 8E+9 

1 . 

41370 . 

N 

1 . 80E+14 

0 . 

76250 . 


4.0E+12 

0. 

0 . 

0 

6 . 92E+23 

-2.5 

65000 . 

02 

1. OE+14 

0. 

28020 . 


6 . 92E+13 

0. 

26630 . 

OH 

7 . 59E+13 

0. 

15100 . 

H 

2.4E+13 

0. 

29000 . 

M 

3 . OE+15 

0. 

-3800 . 

END 

M 

5 . 6E+15 

0 . 

-17 00. 

NO 

5.0E+12 

0. 

0 . 

M 

5 . 4E+15 

0 . 

-600 . 

NO 

3 . 6E+13 

0. 

0 . 


END 

TIME PRESSURE 

fcprob ct 0=2 . 0 , ctl=7 00.0, print=2 . 5E - 4 , 3 .4E-4,3.8E-4, 

htran= . true . , qmread= . false . , otto=.true., bore=8 . 5 , stroke=7.0, 
twal 1=1000 . 0 , rpm=2500.0, &end 


tstart 

t=1550 . 0 

CH4 

0 .1725 

02 

0 . 1725 

N2 

0.65492 

N 

0.00001 

CH 

0 . 00003 

CN 

0. 00001 

CH2 

0 . 00001 

END 



fcsolver emax=l . 0E-4 , atolsp=l . OE-13 , &end 
FINIS 

LSENS METHANE AIR MECHANISM CONSTANT PRESSURE FLOW PROBLEM 
NEW 


CASE 6 


M 

+ 

CH4 

= 

CH3 

+ 

H 

2 . 0E+17 

0 . 

88000 

H 

+ 

CH4 

= 

CH3 

+ 

H2 

1 . 26E+14 

0. 

11900 

CH4 

+ 

02 


CH3 

+ 

H02 

7 . 94E+13 

0. 

56000 

O 

+ 

CH4 

=8 

CH3 

+ 

OH 

1.9E+14 

0. 

11720 

OH 

+ 

CH4 

= 

CH3 

+ 

H20 

2 . 5E+13 

0. 

5010 . 

CH3 

+ 

02 

= 

CH30 

+ 

O 

2 . 4E+13 

0 . 

28680 

CH3 

+ 

OH 

= 

CH30 

+ 

H 

6 . 3E+12 

0 . 

0 . 

M 

+ 

CH30 

= 

CH20 

+ 

H 

5 .0E+13 

0. 

21000 

CH3 

+ 

CH3 

= 

C2H6 



2 . 4E+14 

- .4 

0 . 

H 

+ 

C2H6 

= 

C2H5 

+ 

H2 

1 .32E+14 

0. 

9700 . 

O 

+ 

C2H6 

= 

C2H5 

+ 

OH 

1 .13E+14 

0. 

7850 . 

OH 

+ 

C2H6 

= 

C2H5 

+ 

H20 

8.7E+13 

0. 

3520 . 

M 

+ 

C2H5 

= 

C2H4 

+ 

H 

1.0E+17 

0 . 

31000 

C2H5 

+ 

02 


C2H4 

+ 

H02 

2 . OE+12 

0 . 

5000 . 

H 

+ 

C2H5 

= 

C2H4 

+ 

H2 

4 . 8E+ 13 

0 . 

0 . 

CH3 

+ 

CH2 

= 

C2H4 

+ 

H 

2 .OE+13 

0 . 

0 . 

H 

+ 

C2H4 

= 

H2 

+ 

C2H3 

1 .5E+14 

0 . 

10200 

M 

+ 

C2H4 

= 

C2H2 

+ 

H2 

2 . 6E+17 

0 . 

79300 

C2H4 

+ 

OH 

= 

C2H3 

+ 

H20 

4 . 8E+12 

0 . 

1230 

C2H4 

+ 

OH 

= 

CH3 

+ 

CH20 

2. 0E+12 

0 . 

960 . 

C2H4 

+ 

O 

= 

CH3 

+ 

HCO 

3.3E+12 

0 . 

1130 

C2H4 

+ 

O 

= 

CH20 

+ 

CH2 

2 . 5 E + 13 

0 . 

5000 . 

M 

+ 

C2H3 

= 

C2H2 

+ 

H 

3. 0E+15 

0. 

32000 

C2H3 

+ 

02 

= 

CH20 

+ 

HCO 

3 . 98E+12 

0. 

-250 

C2H3 

+ 

H 

= 

C2H2 

+ 

H2 

6 . OE+12 

0. 

0. 
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TABLE D.L— Continued. 


C2H3 

+ 

O 

= 

C2H20 

C2H3 

+ 

OH 

= 

C2H2 

C2H3 

+ 

CH2 

= 

C2H2 

C2H3 

+ 

C2H 

= 2 , 

. 0C2H2 

M 

+ 

C2H2 

= 

C2H 

C2H2 

+ 

0 

- 

CH2 

C2H2 

+ 

O 

- 

C2HO 

C2H2 

+ 

OH 

= 

C2H 

C2H2 

+ 

OH 

= 

C2H20 

C2H 

+ 

02 

- 

C2HO 

C2H 

+ 

OH 

= 

C2HO 

C2HO 

+ 

02 

= 2 , 

. OCO 

C2HO 

+ 

0 

=2 , 

. OCO 

C2HO 

+ 

OH 

=2 , 

. OHCO 

C2HO 

+ 

H 

= 

CH2 

C2HO 

+ 

CH2 

= 

C2H3 

C2HO 

+ 

2 . 

CH2 
. OC2HO 


CH20 

C2H2 

C2H20 

+ 

OH 

= 

CH20 

C2H20 

+ 

OH 


C2HO 

C2H20 

+ 

H 

= 

CH3 

C2H20 

+ 

H 

= 

C2HO 

C2H20 

+ 

O 

= 

C2HO 

C2H20 

+ 

O 


CH20 

M 

+ 

C2H20 

- 

CH2 

C2H 

+ 

O 

= 

CO 

CH30 

+ 

02 

= 

CH20 

CH30 

+ 

H 

- 

CH20 

M 

+ 

CH20 

= 

HCO 

CH20 

+ 

OH 

= 

HCO 

CH20 

+ 

H 

= 

HCO 

CH20 

+ 

O 

= 

HCO 

CH3 

+ 

CH20 

= 

CH4 

CH3 

+ 

HCO 

= 

CH4 

CH3 

+ 

H02 


CH30 

M 

+ 

CH3 

= 

CH2 

H 

+ 

CH3 

= 

H2 

O 

+ 

CH3 

= 

OH 

OH 

+ 

CH3 

= 

H20 

CH 

+ 

C02 

=: 

HCO 

CH 

+ 

02 

= 

HCO 

CH2 

+ 

02 

= 

CH20 

CH2 

+ 

O 

at 

CH 

CH2 

+ 

OH 

= 

CH 

CH2 

+ 

H 

= 

CH 

CH2 

+ 

CH2 

= 

C2H3 

CH2 

+ 

CH2 

= 

C2H2 

HCO 

+ 

02 

- 

CO 

HCO 

+ 

O 

ss 

CO 

HCO 

+ 

OH 

= 

CO 

HCO 

+ 

H 

= 

CO 

M 

+ 

HCO 

= 

H 

CO 

+ 

O 

= 

CO 2 

CO 

+ 

02 

= 

CO 2 

CO 

+ 

OH 

= 

CO 2 

CO 

+ 

H02 

- 

CO 2 

0 

+ 

H20 

= 

OH 

H 

+ 

02 

= 

OH 

O 

+ 

H2 

= 

OH 

H 

+ 

H02 

=5 

H2 

O 

+ 

HO 2 

= 

OH 

H02 

+ 

OH 

- 

H20 

H 

+ 

HO 2 

=2 . 

. OOH 

H2 

+ 

H02 

= 

H202 

OH 

+ 

H202 

- 

H20 

H02 

+ 

HO 2 

= 

H202 

H 

+ 

H202 

- 

OH 

M 


H202 

=2 . 

. OOH 


THIRDBODY 

H2 2.30 02 

END 


+ 

H 

3.3E+13 

0 . 

+ 

H20 

5.0E+12 

0 . 

+ 

CH3 

3.0E+13 

0. 



3 . OE+13 

0 . 

+ 

H 

4 . 2E+16 

0 . 

+ 

CO 

1.6E+14 

.0 

+ 

H 

4 . 0E+14 

0.0 

+ 

H20 

6 . 3E+12 

0.0 

+ 

H 

3 . 2E+11 

0.0 

+ 

O 

5 . 00E+13 

0 . 

+ 

H 

2 . OE+13 

0 . 

+ 

OH 

1 .46E+12 

0. 

+ 

H 

1 . 202E+12 

0 . 



1. OE+13 

0 . 

+ 

CO 

5 .OE+13 

0 . 

+ 

CO 

3 . OE+13 

0 . 

+ 

C2H 

1 . OE+13 

0. 

+ 2 , 

. OCO 

1 . OE+13 

0 . 

+ 

HCO 

2 . 8E+13 

0 . 

+ 

H20 

7 . 5E+12 

0 . 

+ 

CO 

1 . 13E+13 

0 . 

+ 

H2 

7 . 5E+13 

0. 

+ 

OH 

5 . OE+13 

0 . 

+ 

CO 

2 .OE+13 

0 . 

+ 

CO 

2 . OE+16 

0 . 

+ 

CH 

5 -OE+13 

0 . 

+ 

HO 2 

1 . OE+13 

0. 

+ 

H2 

2 .OE+13 

0 . 

+ 

H 

5 .OE+16 

0 . 

+ 

H20 

3 . OE+13 

0 . 

+ 

H2 

2 . 5E+13 

0 . 

+ 

OH 

3 .5E+13 

0 . 

+ 

HCO 

1. OE+10 

0 . 5 

+ 

CO 

3 .0E+11 

.5 

+ 

OH 

2 .OE+13 

0 . 

+ 

H 

1 .95E+16 

0 . 

+ 

CH2 

2 . 7 E+ll 

.67 

+ 

CH2 

1 .9E+11 

.68 

+ 

CH2 

2 .7 E + ll 

.67 

+ 

CO 

3 .7E+12 

0 . 

+ 

O 

1 .OE+13 

0 . 

+ 

O 

5 . 0E+11 

0 . 5 

+ 

OH 

2 . 0E+11 

.7 

+ 

H20 

5 . 0E+11 

. 5 

+ 

H2 

3 . 2E+11 

0.7 

+ 

H 

5 . 0E+12 

0 . 

+ 

H2 

4 .OE+13 

0 . 

+ 

H02 

3 .OE+13 

0 . 

+ 

OH 

3 .OE+13 

0. 

+ 

H20 

3 .OE+13 

0 . 

+ 

H2 

2 . OE+13 

0 . 

+ 

CO 

2 . 9E+14 

0 . 

+ 

M 

2 . 4E+15 

0 . 

+ 

O 

2 . 5E+12 

0 . 

+ 

H 

4 .17E+11 

0 . 

+ 

OH 

5 .75E+13 

0. 

+ 

OH 

6 . 8E+13 

0 . 

+• 

O 

1 . 89E+14 

0 . 

+ 

H 

4 . 20E+14 

0 . 

+ 

02 

7 . 28E+13 

0. 

+ 

02 

5 . OE+13 

0. 

+ 

02 

8 . OE+12 

0 . 



1 . 34E+14 

0. 

+ 

H 

7 . 9 1E+ 13 

0 . 

+ 

H02 

6 . 1E+12 

0 . 

+ 

02 

1 . 8E+12 

0 . 

+ 

H20 

7 . 8E+11 

0 . 



1 .44E+17 

0 . 


H20 

6.0 H202 


H2 + OH 

H +02 

THIRDBODY 

02 1.30 N2 

END 


H20 + H 

H02 + M 

1.3 H20 


4.74E+13 0. 

1.46E+15 0. 

21.3 CO 2 


M + H20 = H + OH 

THIRDBODY 


1.30E+15 0. 


H2 
CO 2 


4.00 02 1.5 H20 

4 . 0 END 


20.0 N2 


H + O 

M + H2 


OH + M 

H + H 


7.1E+18 -1. 

2.2E+14 0. 


0 . 

0 . 

0 . 

0 . 

107000 
9890 . 
10660 . 
7000 . 
200 . 
1500 . 
0 . 

2500 . 

0 . 

0 . 

0 . 

0 . 

2000 . 
0 . 

0 . 

3000 . 
3428 . 
8000 . 
8000 . 
0 . 

60000 . 
0 . 

717 0 . 
0 . 

81000 . 
1200 . 
3990 . 
3510 . 
6000 . 
0 . 

0 . 

91600 . 
25700 . 
25700 . 
25700 . 
0 . 

0 . 

6960 . 
25800 . 
5900 . 
4970 . 
0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

15570 . 
4100 . 
47690 . 
1000 . 
22930 . 
18365 . 
16400 . 
13750 . 
2126 . 
1000 . 

0 . 

107 0 . 
25000 . 
1430 . 

0 . 

0 . 

45510 . 

6 . 6 

6098 . 
- 1000 . 

7 . 0 

105140 
1.5 
0 . 

96000 



TABLE D.l. — Continued 


THIRDBODY 



4. 

.10 

02 


2. 

0 

H20 

15.0 N2 


2 . 0 

M 

+ 

02 


= 

O 

+ 

O 

1 . 80E+18 

-1. 

118020 

CH 

+ 

N2 


= 

HCN 

+ 

N 

1.0E+11 

0 . 

19000. 

CN 

+ 

H2 


= 

HCN 

+ 

H 

6 . OE+13 

0. 

5300. 

O 

+ 

HCN 



OH 

+ 

CN 

1 . 4E+11 

.68 

16900. 

OH 

+ 

HCN 


= 

HNCO 

+ 

H 

4 . 0E+11 

0 . 

2800 . 

CN 

+ 

O 


- 

CO 

+ 

N 

1.2E+13 

0. 

0 . 

CN 

+ 

OH 


= 

NCO 

+ 

H 

2 . 5E+14 

0 . 

6000 . 

H2 

+ 

NCO 


= 

HNCO 

+ 

H 

1.0E+14 

0 . 

9000 . 

HNCO 

+ 

H 


= 

NH2 

+ 

CO 

1.0E+14 

0 . 

8500 . 

CN 

+ 

02 


= 

NCO 

+ 

O 

3.2E+13 

0. 

1000 . 

CN 

+ 

CO 2 


= 

NCO 

+ 

CO 

3.7E+12 

0. 

0 . 

O 

+ 

NCO 


= 

NO 

+ 

CO 

2. OE+13 

0. 

0 . 

N 

+ 

NCO 


= 

N2 

+ 

CO 

1. OE+13 

0. 

0 . 

H 

+ 

NCO 


= 

NH 

+ 

CO 

2. 0E+13 

0 . 

0 . 

CH 

+ 

NO 


= 

N 

+ 

HCO 

1.6E+13 

0 . 

9940 . 

CH 

+ 

NO 


= 

O 

+ 

HCN 

2.0E+12 

0. 

0 . 

NH 

+ 

OH 


= 

N 

+ 

H20 

5.0E+11 

0.5 

2000 . 

H02 

+ 

NO 


= 

NO 2 

+ 

OH 

2.09E+12 

0 . 

-477 . 

O 

+ 

NO 2 


= 

NO 

+ 

02 

1. 0E+13 

0. 

596 . 

NO 

+ 

O 


= 

NO 2 

+ 

M 

5 . 62E+15 

0 . 

-1160 . 

NO 2 

+ 

H 


= 

NO 

+ 

OH 

3 . 47 E+14 

0. 

1470 . 

NO 

+ 

H 


= 

N 

+ 

OH 

2.63E+14 

0 . 

50410 . 

NO 

+ 

O 


= 

N 

+ 

02 

3.8E+9 

1 . 

41370 . 

O 

+ 

N2 


= 

NO 

+ 

N 

1.80E+14 

0 . 

76250 . 

N 

+ 

NO 2 


=2 , 

. ONO 



4.0E+12 

0. 

0 . 

M 

+ 

N20 


= 

N2 

+ 

O 

6 . 92E+23 

-2.5 

65000 . 

O 

+ 

N20 


as 

N2 

+ 

02 

1 .OE+14 

0. 

28020 . 

O 

+ 

N20 


=2 . 

. ONO 



6 . 92E+13 

0 . 

26630 . 

N20 

+ 

H 


= 

N2 

■f 

OH 

7 . 59E+13 

0. 

15100. 

NO 2 

+ 

H2 


= 

HN02 

+ 

H 

2 . 4E+13 

0. 

29000 . 

OH 

+ 

NO 2 


= 

HN03 

+ 

M 

3.0E+15 

0. 

-3800 . 

THIRDBODY 











0 

.70 

H2 


1 

.4 

END 




OH 

+ 

NO 


= 

HNO 2 

+ 

M 

5 . 6E+15 

0. 

-1700. 

HNO 

+ 

H 


S= 

H2 

+ 

NO 

5 . 0E+12 

0 . 

0 . 

H 

+ 

NO 


SB 

HNO 

+ 

M 

5.4E+15 

0 . 

-600 . 

HNO 

+ 

OH 


= 

H20 

+ 

NO 

3.6E+13 

0 . 

0 . 


END 

DISTANCE PRESSURE 

&prob 0X0=1.730, combus= . true . , exchr= . true . , 

print=10 .0, 20. 0,25. 0,30. 0,32. 0,34. 0,36. 0,37. 0,38. 0,39. 0,40. 0,41.0, 

42. 0,43. 0,44. 0,45. 0,46. 0,47. 0,48.0, &end 


&start 

area=1000 . 0, 

mach=2.0, t=1700.0, &end 

CH4 

0 . 049768 


02 

0. 199072 


N2 

0.75116 


CN 

0 . 0000001 


END 

fcsolver 

emax=l . 0E-4 , 

, atolsp=l . 0E- 10 , &end 

FINIS 

LSENS 

METHANE - AIR WITH AREA PROFILE OF CASE 

REPEAT 

DISTANCE 

AREA 



&prob pcon= . false . , combus=.f alse . , 

xtb=0. 0, 10. 0, 20 .0,25. 0,30. 0,32, 0,34. 0,36. 0,37. 0,38. 0,39. 0,40. 0,41.0, 

42. 0. 43. 0.44. 0.45. 0.46. 0.47. 0.48.0, 

atb= 1000.00,1000.20,1004.65,1010.85, 1023.22,1031.44,1042.92,1059.73, 
1071.45,1087 .06,1110.03,1153 .75,1284.24,1350.79,1376.81,1397 .15, 

1414 .00. 1428.05.14 39.83,1449.81, 
aprint=1023 .22,1153.75, 1439 . 83, &end 

&start t=17 00.0, mach=2.0, p=1.730, &end 
CH4 0.049768 

02 0.199072 

N2 0.75116 

CN 0.0000001 

END 


&solver emax=5 . 0E- 5 , atolsp=l . 0E- 13 , tend 
FINIS 

LSENS METHANE - AIR WITH AREA AND TEMPERATURE PROFILES OF CASE 6 
REPEAT 

DISTANCE AREA 


&prob tass=.true., &end 

Setmpdat xtb=0. 0,15. 0,20. 0,25. 0,3 0.0, 32. 0,34 .0,36.0,38.0,40.0,41.0, 

42. 0,43. 0,44. 0,45. 0,46. 0,47. 0,48.0, 
traptb=17 00. 00, 1702.50,1707 .74,1718.03,1738.22,1751.43,1769.70, 
1796 . 16 , 1838 . 63, 1939.65,2127 . 05, 2225 . 54 , 227 0 . 46 , 2307 .7 1 , 2339 . 56 , 
2366 .73,2389 .90, 2409.76, 
tprint=17 38 .22,1939 .65, 2389 .90, &end 


CASE 7 


CASE 8 



TABLE D.l. — Continued. 


kstart 

p=l.7 30, mach= 

CH4 

0 . 049768 

02 

0. 199072 

N2 

0.75116 

CN 

0 . 0000001 

END 



&solver emax=l . 0E- 3 , atolsp=i . 0E- 12 , mf=21, &e:id 
FINIS 

LSENS METHANE AIR MECHANISM ASSIGNED (CONST.) TEMP. FLOW PROBLEM CASE 9 
REPEAT 

DISTANCE PRESSURE 

&prob cxO=l .730 , combus= . true . , exchr= . false . , 


print= 

=25 .0,42.0,48 

.0, 

&end 


ktmpdat 

CX0 

=1700 .0, 

&end 


&start 

CH4 

02 

N2 

CN 

area 
0 . 
0 . 
0 . 
0 . 

=1000 .0, 
049768 
199072 
75116 
0000001 

mach 

=2.0, &end 

END 

&sol ver 

emax=l . 0E- 4 

, atolsp=1.0E- 

13 , 

FINIS 

LSENS 

METHANOL - . 

AIR 

COMBUSTION 

NEW 

M 

+ 

CH30H 

= 

CH3 

4 

02 

+ 

CH30H 

= 

CH20H 

4 

OH 

+ 

CH30H 

= 

CH20H 

4 

O 

+ 

CH30H 

= 

CH20H 

4 

H 

+ 

CH30H 

= 

CH20H 

4 

H 

+ 

CH30H 

= 

CH3 

4 

CH3 

+ 

CH30H 

= 

CH20H 

4 

HO 2 

+ 

CH30H 

= 

CH20H 

4 

M 

+ 

CH20H 

= 

CH20 

4 

02 

+ 

CH20H 

as 

CH20 

4 

M 

+ 

CH4 

= 

CH3 

4 

H 

+ 

CH4 

= 

CH3 

4 

CH4 

+ 

02 

= 

CH3 

4 

O 

+ 

CH4 

= 

CH3 

4 

OH 

+ 

CH4 

= 

CH3 

4 

CH3 

+ 

02 

= 

CH30 

4 

CH3 

+ 

OH 

= 

CH30 

4 

M 

+ 

CH30 

= 

CH20 

4 

CH3 

+ 

CH3 

sr 

C2H6 


H 

+ 

C2H6 

= 

C2H5 

4 

O 

+ 

C2H6 

= 

C2H5 

4 

OH 

+ 

C2H6 

= 

C2H5 

4 

M 

4 

C2H5 

= 

C2H4 

4 

C2H5 

+ 

02 

— 

C2H4 

4 

H 

+ 

C2H5 

= 

C2H4 

4 

CH3 

+ 

CH2 

= 

C2H4 

4 

H 

+ 

C2H4 

= 

H2 

4 

M 

+ 

C2H4 

= 

C2H2 

4 

C2H4 

+ 

OH 

- 

C2H3 

4 

C2H4 

+ 

OH 

= 

CH3 

4 

C2H4 

+ 

O 

= 

CH3 

4 

C2H4 

4 

O 


CH20 

4 

M 

4 

C2H3 

— 

C2H2 

4 

C2H3 

4 

02 

as 

CH20 

4 

C2H3 

4 

H 

= 

C2H2 

4 

C2H3 

4 

O 

- 

C2H20 

4 

C2H3 

4 

OH 

= 

C2H2 

4 

C2H3 

4 

CH2 

~ 

C2H2 

4 

C2H3 

4 

C2H 

=2 

. 0C2H2 


M 

4 

C2H2 


C2H 

4 

C2H2 

4 

O 

= 

CH2 

4 

C2H2 

4 

O 

- 

C2HO 

4 

C2H2 

4 

OH 

= 

C2H 

4 

C2H2 

4 

OH 

= 

C2H20 

4 

C2H 

4 

02 

- 

C2HO 

4 

C2H 

4 

OH 

= 

C2HO 

4 

C2HO 

4 

02 

=2 

. OCO 

4 

C2HO 

4 

O 

= 2 

. OCO 

4 

C2HO 

4 

OH 

=2 

. OHCO 


C2HO 

4 

H 


CH2 

4 

C2HO 

4 

CH2 

- 

C2H3 

4 

C2HO 

4 

CH2 

- 

CH20 

4 


2 

. OC2HO 

— 

C2H2 

+ 2 

C2H20 

4 

OH 

= 

CH20 

4 

C2H20 

4 

OH 

- 

C2H0 

4 

C2H20 

4 

H 

= 

CH3 

4 

C2H20 

4 

H 

= 

C2H0 

4 

C2H20 

4 

O 

= 

C2HO 

4 


&end 





CASE 10 

OH 

3 . 2E + 18 

0 . 

80000 . 

H02 

4 .OE+13 

0. 

50900 . 

H20 

4 . OE+12 

0. 

2000. 

OH 

1 . 6E+12 

0. 

2300. 

H2 

3.2E+13 

0 . 

7000. 

H20 

5 .OE+12 

0. 

5300 . 

CH4 

2 . 0E+11 

0 . 

9800 . 

H202 

6 . 3E+12 

0 . 

19400 . 

H 

2 . 5E+13 

0 . 

29000 . 

H02 

1 . OE+12 

0 . 

6000 . 

H 

2 . 0E+17 

0 . 

88000 . 

H2 

1 .26E+14 

0 . 

11900 . 

H02 

7 . 94E+13 

0 . 

56000 . 

OH 

1 .9E+14 

0 . 

11720 . 

H20 

2 . 5E+13 

0 . 

5010 . 

O 

2 . 4E+13 

0 . 

28680 . 

H 

6 . 3E+12 

0 . 

0 . 

H 

5 .OE+13 

0 . 

21000 . 


2 . 4E+14 

- .4 

0 . 

H2 

1 .32E+14 

0 . 

97 00 . 

OH 

1 .13E+14 

0 . 

7 850 . 

H20 

8 . 7E+13 

0 . 

3520 . 

H 

1 .OE+17 

0. 

31000 . 

H02 

2 . OE+12 

0 . 

5000 . 

H2 

4 . 8E+ 13 

0 . 

0 . 

H 

2 . OE+13 

0. 

0 . 

C2H3 

1.5E+14 

0. 

10200 . 

H2 

2 . 6E+17 

0 . 

79300 . 

H20 

4 . 8E+12 

0 . 

1230 . 

CH20 

2 . OE+12 

0. 

960. 

HCO 

3 . 3E+12 

0 . 

1130 . 

CH2 

2 . 5E+13 

0 . 

5000. 

H 

3 . 0E+ 15 

0 . 

32000 . 

HCO 

3 . 98E+12 

0 . 

- 250 . 

H2 

6 .OE+12 

0 . 

0 . 

H 

3 . 3E+13 

0 . 

0 . 

H20 

5 . OE+12 

0. 

0 . 

CH3 

3 .OE+13 

0 . 

0 . 


3 . OE+13 

0 . 

0. 

H 

4 . 2E+16 

0 . 

107000 . 

CO 

1.6E+14 

. 0 

9890 . 

H 

4 . 0E+ 14 

0 . 0 

10660 . 

H20 

6 . 3E+12 

0.0 

7 000 . 

H 

3 .2E+11 

0 . 0 

200 . 

0 

5 . OOE + 13 

0 . 

1500 . 

H 

2 .OE+13 

0 . 

0 . 

OH 

1.46E+12 

0 . 

2500 . 

H 

1 . 2 02E+12 

0 . 

0 . 


1 .OE+13 

0 . 

0 . 

CO 

5 .OE+13 

0. 

0 . 

CO 

3 .OE+13 

0. 

0 . 

C2H 

1 .OE+13 

0 . 

2000 . 

OCO 

1. OE+13 

0. 

0 . 

HCO 

2 . 8E+13 

0 . 

.0. 

H20 

7 . 5E+12 

0 . 

3000 . 

CO 

1.13E+13 

0. 

3428 . 

H2 

7 . 5E+13 

0 . 

8000 . 

OH 

5 .OE+13 

0 . 

8000 . 
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TABLE D. 


C2H20 

+ 

0 

= 

CH20 

+ 

M 

+ 

C2H20 

= 

CH2 

+ 

C2H 

+ 

O 

= 

CO 

+ 

CH30 

+ 

02 

= 

CH20 

+ 

CH30 

+ 

H 

= 

CH20 

+ 

M 

+ 

CH20 

= 

HCO 

+ 

CH20 

+ 

OH 

as 

HCO 

+ 

CH20 

+ 

H 

= 

HCO 

+ 

CH20 

+ 

0 

= 

HCO 

+ 

CH3 

+ 

CH20 

= 

CH4 

+ 

CH3 

+ 

HCO 

= 

CH4 

+ 

CH3 

+ 

H02 

= 

CH30 

+ 

M 

+ 

CH3 

= 

CH2 

+ 

H 

+ 

CH3 

= 

H2 

+ 

O 

+ 

CH3 

= 

OH 

+ 

OH 

+ 

CH3 

= 

H20 

+ 

CH 

+ 

C02 

= 

HCO 

+ 

CH 

+ 

02 

= 

HCO 

+ 

CH2 

+ 

02 

as 

CH20 

+ 

CH2 

+ 

O 

- 

CH 

+ 

CH2 

+ 

OH 

=s 

CH 

+ 

CH2 

+ 

H 

=s 

CH 

+ 

CH2 

+ 

CH2 

- 

C2H3 

+ 

CH2 

+ 

CH2 


C2H2 

+ 

HCO 

+ 

02 

= 

CO 

+ 

HCO 

+ 

0 

= 

CO 

+ 

HCO 

+ 

OH 

ss 

CO 

+ 

HCO 

+ 

H 

= 

CO 

+ 

M 

+ 

HCO 

= 

H 

+ 

CO 

+ 

0 

= 

CO 2 

+ 

CO 

+ 

02 

as 

CO 2 

+ 

CO 

+ 

OH 

= 

CO 2 

+ 

CO 

+ 

H02 

= 

CO 2 

+ 

0 

+ 

H20 

=S 

OH 

+ 

H 

+ 

02 

= 

OH 

+ 

0 

+ 

H2 

= 

OH 

+ 

H 

+ 

H02 

= 

H2 

+ 

0 

+ 

H02 

= 

OH 

+ 

H02 

+ 

OH 

= 

H20 

+ 

H 

+ 

H02 

=2 

. OOH 


H2 

+ 

H02 

= 

H202 

+ 

OH 

+ 

H202 

= 

H20 

+ 

H02 

+ 

H02 

2= 

H202 

+ 

H 

+ 

H202 

- 

OH 

+ 

M + 

THIRDBODY 
H2 2 

H202 

. 30 02 

=2 . 

.OOH 

.78 


END 

H2 

+ 

OH 

= 

H20 

+ 

H + 

THIRDBODY 
02 1 

02 

.30 N2 


HO 2 

1.3 

+ 

END 

M + 

THIRDBODY 
H2 4 , 

CO 2 4 

H20 

. 00 02 

. 0 END 


H 

1.5 

+ 

H 

+ 

O 

as 

OH 

+ 

M + 

THIRDBODY 
H2 4 . 

H2 

.10 02 


H 

2.0 

+ 

END 

M 

+ 

02 

35 

O 

+ 

CH 

+ 

N2 

=2 

HCN 

+ 

CN 

+ 

H 2 


HCN 

+ 

0 

+ 

HCN 

= 

OH 

+ 

OH 

+ 

HCN 

= 

HNCO 

+ 

CN 

+ 

0 

= 

CO 

+ 

CN 

+ 

OH 

as 

NCO 

+ 

H2 

+ 

NCO 

= 

HNCO 

+ 

HNCO 

+ 

H 

— 

NH2 

+ 

CN 

+ 

02 

= 

NCO 

+ 

CN 

+ 

C02 


NCO 

+ 

0 

+ 

NCO 

- 

NO 

+ 

N 

+ 

NCO 

= 

N2 

+ 

H 

+ 

NCO 

= 

NH 

+ 

CH 

+ 

NO 

= 

N 

+ 

CH 

+ 

NO 

= 

O 

+ 

NH 

+ 

OH 

as 

N 

+ 

H02 

+ 

NO 

= 

NO 2 

+ 

O 

+ 

NO 2 

=s 

NO 

+ 

NO 

+ 

O 

= 

NO 2 

+ 


1. — Continued. 


CO 

2 . OE+13 

0. 

0. 

CO 

2.0E+16 

0. 

60000 . 

CH 

5. OE+13 

0 . 

0 . 

H02 

1 . OE+13 

0 . 

7170. 

H2 

2. OE+13 

0 . 

0 . 

H 

5 . OE+16 

0 . 

81000 . 

H20 

3 . OE+13 

0 . 

1200 . 

H2 

2 . 5E+13 

0 . 

3990 . 

OH 

3.5E+13 

0 . 

3510 . 

HCO 

1.0E+10 

0 . 5 

6000 . 

CO 

3.0E+11 

.5 

0 . 

OH 

2 .OE+13 

0 . 

0 . 

H 

1.95E+16 

0 . 

91600 . 

CH2 

2.7E+11 

.67 

25700 . 

CH2 

1 .9E+11 

.68 

25700 . 

CH2 

2 . 7E+11 

.67 

25700 . 

CO 

3 . 7E+ 12 

0 . 

0 . 

O 

1 .OE+13 

0 . 

0 . 

0 

5 . OE+ll 

0.5 

6960 . 

OH 

2 . OE+ll 

.7 

25800 . 

H20 

5 . OE+ll 

.5 

5900 . 

H2 

3 . 2E+11 

0 .7 

4970 . 

H 

5.0E+12 

0 . 

0 . 

H2 

4 .OE+13 

0 . 

0 . 

H02 

3 .OE+13 

0 . 

0 . 

OH 

3 .OE+13 

0 . 

0 . 

H20 

3 . OE+13 

0 . 

0 . 

H2 

2. OE+13 

0 . 

0 . 

CO 

2 . 9E+14 

0 . 

15570 . 

M 

2 . 4E+15 

0 . 

4100 . 

O 

2 . 5E+12 

0 . 

47690. 

H 

4 . 17E+11 

0. 

1000 . 

OH 

5 . 7 5E + 13 

0. 

22930 . 

OH 

6 . 8E+13 

0. 

18365 . 

O 

1 .89E+14 

0 . 

16400 . 

H 

4 . 20E+14 

0 . 

13750 . 

02 

7 . 28E+13 

0. 

2126 . 

02 

5 . OE+13 

0. 

1000 . 

02 

8 . OE+12 

0 . 

0 . 


1 .34E+14 

0 . 

1070 . 

H 

7 . 91E+13 

0 . 

25000 . 

H02 

6 . 1E+12 

0 . 

1430 . 

02 

1 .8E+12 

0 . 

0 . 

H20 

7 . 8E+11 

0 . 

0 . 


1 .44E+17 

0 . 

45510 . 

H20 

6.0 H202 

6.6 

H 

4 . 7 4E+13 

0 . 

6098 . 

M 

1.46E+15 

0 . 

-1000 . 

H20 

21.3 CO 2 

7 . 0 

OH 

1 .30E+15 

0 . 

105140 

H20 

20.0 N2 


1.5 

M 

7 . 1E+18 

-1 . 

0 . 

H 

2.2E+14 

0 . 

96000 

H20 

15.0 N2 


2 . 0 

0 

1 .80E+18 

-1 . 

118020 

N 

1 . OE+ll 

0 . 

19000 . 

H 

6 .OE+13 

0 . 

5300 . 

CN 

1.4E+11 

.68 

16900 . 

H 

4. OE+ll 

0 . 

2800 . 

N 

1 . 2E+13 

0. 

0 . 

H 

2 . 5E+14 

0 . 

6000 . 

H 

1 . OE+14 

0 . 

9000 . 

CO 

1.0E+14 

0 . 

8500 . 

0 

3 . 2E+13 

0 . 

1000 . 

CO 

3 . 7 E+ 12 

0 . 

0 . 

CO 

2 . OE+13 

0 . 

0 . 

CO 

1 .OE+13 

0 . 

0 . 

CO 

2 .OE+13 

0 . 

0 . 

HCO 

1.6E+13 

0 . 

9940 . 

HCN 

2 .OE+12 

0 . 

0 . 

H20 

5 .OE+ll 

0.5 

2000 . 

OH 

2 . 09E + 12 

0 . 

-477 . 

02 

1. OE+13 

0 . 

596 . 

M 

5 . 62E+15 

0 . 

- 1160 . 



TABLE D.l. — Continued. 


NO 2 

+ 

H 

= NO 

+ 

OH 

3 . 47 E+14 

0. 

1470. 

NO 

+ 

H 

= N 

+ 

OH 

2 . 63E+14 

0. 

50410. 

NO 

+ 

O 

= N 

+• 

02 

3 . 8E+9 

1 . 

4137 0 . 

0 

+ 

N2 

= NO 

+- 

N 

1 .80E+14 

0 . 

76250 . 

N 

+ 

NO 2 

=2 . ONO 



4 . OE+12 

0 . 

0 . 

M 

+ 

N20 

= N2 

+ 

O 

6 . 9 2E+2 3 

-2.5 

65000 . 

O 

+ 

N20 

= N2 

+ 

02 

1 . OE+14 

0 . 

28020 . 

0 

+ 

N20 

=2 . ONO 



6 . 92E+1 3 

0 . 

26630 . 

N20 

+ 

H 

= N2 

+ 

OH 

7 . 5 9E+1 3 

0 . 

15100. 

NO 2 

+ 

H2 

= HN02 

+ 

H 

2 . 4E+ 13 

0. 

29000. 

OH 

+ 

N02 

= HN03 

+ 

M 

3 .0E+15 

0. 

- 3800 . 

THIRDBODY 








02 

0 

70 H2 

1.4 


END 




OH 

+ 

NO 

= HN02 

+ 

M 

5 . 6 E+ 15 

0 . 

- 17 00 . 

HNO 

+ 

H 

= H2 

+ 

NO 

5. OE+12 

0 . 

0 . 

H 


NO 

= HNO 

+ 

M 

5 . 4E+15 

0 . 

-600 . 

HNO 

+ 

OH 

= H20 

+ 

NO 

3 . 6 E+ 13 

0 . 

0 . 

AR 

TIME 





CH30H 




&prob rhocon 

= . true . , 

print=4 . 0E- 4 

, 5 . 

OE-4 , 6 . 

5E-4, &end 



&start 

t=l 300.0, mmhg=. true . , p=760. 

0, eratio=2.0, scc=1.0, 



sch=4 . 0 

, scox~l . 0 , 

&end 






CN 

0 . 000001 







CH 

0 . 00001 







N 

0 . 000001 







END 

&solver 

FINIS 

emax 

=5 .OE-4 , 

atolsp=l . OE - 

12 , 

&end 




LSENS 

PROPANE- AIR 

WELL -STIRRED 

REACTOR + 

ROCKErr EXP; EMAX : 

rr 

o 

— i 

m 

CASE 11 

NEW 


C3H8 

= C2H5 

+ 

CH3 

5 . OE+15 

0 . 

83500 . 

CH3 

+ 

C3H8 

= CH4 

+ 

C3H7 

3 . 55E+12 

0 . 

10300 . 



C3H7 

- C2H4 


CH3 

3 . OE+14 

0 . 

33200 . 

M 

+ 

CH4 

= CH3 

+ 

H 

2 . OE+17 

0 . 

88000 . 

H 

+ 

CH4 

= CH3 

+ 

H2 

1 .26E+14 

0 . 

11900 . 

CH4 

+ 

02 

= CH3 

+ 

H02 

7 . 94E+13 

0 . 

56000 . 

0 

+ 

CH4 

= CH3 

+ 

OH 

1 . 9E+14 

0 . 

117 20 . 

OH 

+ 

CH4 

= CH3 

+ 

H20 

2 . 5E+ 13 

0 . 

5010 . 

CH3 

+ 

02 

= CH30 

+ 

O 

2 . 4E+13 

0 . 

28680 . 

CH3 

+ 

OH 

= CH30 

+ 

H 

6 . 3E+12 

0 . 

0 . 

M 

+ 

CH 30 

= CH20 

+ 

H 

5 . 0E+13 

0 . 

21000 . 

CH3 

+ 

CH3 

= C2H6 



2 . 4E+ 14 

- . 4 

0 . 

H 

+ 

C2H6 

= C2H5 

+ 

H 2 

1 .32E+14 

0 . 

9700 . 

O 

+ 

C2H6 

= C2H5 

+ 

OH 

1 . 13 E+14 

0 . 

7 850 . 

OH 

+ 

C2H6 

= C2H5 

+ 

H20 

8 . 7 E+ 13 

0 . 

3520 . 

M 

+ 

C2H5 

= C2H4 

f 

H 

1 . OE+17 

0 . 

31000 . 

C2H5 


02 

= C2H4 

+ 

H02 

2 . OE+12 

0 . 

5000 . 

H 

+ 

C2H5 

= C2H4 

+ 

H2 

4 . 8E+13 

0 . 

0 . 

CH3 

+ 

CH2 

= C2H4 

+ 

H 

2 . 0E+13 

0 . 

0 . 

H 

+ 

C2H4 

= H2 

+ 

C2H3 

1 .5E+14 

0 . 

10200 . 

M 

+ 

C2H4 

= C2H2 

+ 

H2 

2 . 6E+17 

0 . 

79300 . 

C2H4 

+ 

OH 

= C2H3 


H20 

4 . 8E+12 

0 . 

1230 . 

C2H4 

+ 

OH 

= CH3 

+ 

CH20 

2 . OE+12 

0 . 

960 . 

C2H4 

+ 

O 

= CH3 

+ 

HCO 

3 . 3E+12 

0 . 

1130 . 

C2H4 

+ 

O 

= CH20 

+ 

CH2 

2 . 5E+13 

0 . 

5000 . 

M 

+ 

C2H3 

= C2H2 


H 

3 . OE+15 

0. 

32000 . 

C2H3 

+ 

02 

= CH20 

+ 

HCO 

3 . 98E+12 

0 . 

-250 . 

C2H3 

+■ 

H 

= C2H2 


H2 

6 . OE+12 

0 . 

0 . 

C2H3 

+ 

O 

- C2H20 

+■ 

H 

3 . 3E+13 

0 . 

0 . 

C2H3 

+ 

OH 

= C2H2 

+ 

H20 

5 . OE+12 

0 . 

0 . 

C2H3 

+ 

CH2 

~ C2H2 


CH3 

3 . OE+13 

0 . 

0 . 

C2H3 

+ 

C2H 

=2 . 0C2H2 



3 . OE+13 

0 . 

0 . 

M 

+ 

C2H2 

= C2H 

•f 

H 

4 . 2E+16 

0 . 

107000 

C2H2 

+ 

O 

= CH2 


CO 

1 . 6E+14 

. 0 

9890 . 

C2H2 

+ 

O 

- C2HO 

+ 

H 

4 . OE+14 

0 . 0 

10660 . 

C2H2 

+ 

OH 

= C2H 

+ 

H20 

6 . 3E+12 

0 . 0 

7 000 . 

C2H2 

+ 

OH 

= C2H20 

+ 

H 

3 . 2E+11 

0 . 0 

200 . 

C2H 

+ 

02 

= C2HO 

+ 

0 

5 .00E+13 

0 . 

1500 . 

C2H 


OH 

= C2HO 

+ 

H 

2 . OE+13 

0. 

0 . 

C2HO 

+ 

02 

=2 . OCO 

+ 

OH 

1 .46E+12 

0 . 

2500 . 

C2H0 

+ 

O 

=2 . OCO 

+ 

H 

1 . 202E+12 

0. 

0 . 

C2H0 

+ 

OH 

=2 . OHCO 



1 .OE+13 

0 . 

0 . 

C2HO 

+ 

H 

= CH2 

+ 

CO 

5 .OE+13 

0 . 

0 . 

C2H0 

+ 

CH2 

= C2H3 

+ 

CO 

3 . OE+13 

0 . 

0 . 

C2H0 

+ 

CH2 

= CH20 

+ 

C2H 

1 .OE+13 

0 . 

2000. 


2 . 

OC2HO 

= C2H2 

+ 2 

: . oco 

1 .OE+13 

0 . 

0 . 

C2H20 

+ 

OH 

= CH20 

+ 

HCO 

2 . 8E+13 

0 . 

0 . 

C2H20 

+ 

OH 

= C2HO 

+ 

H20 

7 . 5E+12 

0 . 

3000 . 

C2H20 

+ 

H 

= CH3 

+ 

CO 

1 . 13E+13 

0 . 

3428 . 

C2H20 

+ 

H 

= C2HO 

+ 

H 2 

7 . 5 E+ 13 

0 . 

8000 . 

C2H20 

■f 

O 

= C2HO 

+ 

OH 

5 . OE+13 

0 . 

8000 . 



TABLE D.l. — Continued. 


C2H20 

+ 

0 


= 

CH20 

+ 

CO 

2.0E+13 

0 . 

0 . 

M 

+ 

C2H20 


= 

CH2 

+ 

CO 

2 . OE+16 

0 . 

60000 . 

C2H 

+ 

0 


= 

CO 

+ 

CH 

5 . OE+13 

0. 

0 . 

CH30 

+ 

02 


= 

CH20 

+ 

H02 

1 . OE+13 

0. 

717 0 . 

CH30 

+ 

H 


— 

CH2C 

+ 

H2 

2 .OE+13 

0 . 

0 . 

M 

+ 

CH 20 


= 

HCO 

+ 

H 

5 .OE+16 

0 . 

81000 . 

CH20 

+ 

OH 


SB 

HCO 

+ 

H20 

3 .OE+13 

0. 

1200 . 

CH20 

+ 

H 


=8 

HCO 

+ 

H2 

2 . 5E+13 

0 . 

3990. 

CH20 

+ 

0 


= 

HCO 

+ 

OH 

3 . 5E+13 

0 . 

3510. 

CH3 

+ 

CH20 


= 

CH4 

+ 

HCO 

1.0E+10 

0.5 

6000 . 

CH3 

+ 

HCO 


= 

CH4 

+ 

CO 

3 . OE+11 

.5 

0 . 

CH3 

+ 

H02 


= 

CH30 

+ 

OH 

2 .OE+13 

0 . 

0 . 

M 

+ 

CH 3 


= 

CH2 

+ 

H 

1.95E+16 

0 . 

91600 . 

H 

+ 

CH3 


= 

H2 

+ 

CH2 

2.7E+11 

.67 

25700 . 

0 

+ 

CH3 


= 

OH 

+ 

CH2 

1.9E+11 

.68 

25700. 

OH 

+ 

CH3 


= 

H20 

+ 

CH2 

2 .7E+11 

.67 

25700. 

CH 

+ 

C02 


= 

HCO 

+ 

CO 

3 .7E+12 

0. 

0 . 

CH 

+ 

02 



HCO 

+ 

0 

1. OE+13 

0. 

0 . 

CH2 

+ 

02 


= 

CH20 

+ 

0 

5 .OE+11 

0.5 

6960 . 

CH2 

+ 

O 


— 

CH 

+ 

OH 

2. OE+11 

.7 

25800 . 

CH2 

+ 

OH 


= 

CH 

+ 

H20 

5. OE+11 

.5 

5900 . 

CH2 

+ 

H 


- 

CH 

+ 

H2 

3 . 2E+11 

0.7 

4970 . 

CH2 

+ 

CH2 


= 

C2H3 

+ 

H 

5 . OE+12 

0. 

0 . 

CH2 

+ 

CH2 


SS* 

C2H2 

+ 

H2 

4 .OE+13 

0. 

0 . 

HCO 

+ 

02 


= 

CO 

+ 

HO 2 

3 .OE+13 

0 . 

0 . 

HCO 

+ 

0 


= 

CO 

+ 

OH 

3 .OE+13 

0 . 

0 . 

HCO 

+ 

OH 


= 

CO 

+ 

H20 

3. OE+13 

0. 

0. 

HCO 

+ 

H 


= 

CO 

+ 

H2 

2. OE+13 

0 . 

0 . 

M 

+ 

HCO 


= 

H 

+ 

CO 

2 . 9E+14 

0 . 

15570. 

CO 

+ 

0 


= 

CO 2 

+ 

M 

2 . 4E+15 

0 . 

4100 . 

CO 

+ 

02 


a* 

CO 2 

+ 

O 

2 . 5E+12 

0. 

47690 . 

CO 

+ 

OH 


as 

CO 2 

+ 

H 

4 . 17 E+ll 

0. 

1000 . 

CO 

+ 

H02 


= 

CO 2 

+ 

OH 

5 .7 5E+13 

0 . 

22930 . 

O 

+ 

H20 


= 

OH 

+ 

OH 

6.8E+13 

0 . 

18365 . 

H 

+ 

02 


= 

OH 

+ 

O 

1.89E+14 

0 . 

16400 . 

O 

+ 

H2 


SB 

OH 

+ 

H 

4 . 20E+14 

0 . 

13750 . 

H 

+ 

H02 



H2 

+ 

02 

7 . 28E+13 

0 . 

2126 . 

0 

+ 

H02 


= 

OH 

+ 

02 

5 .OE+13 

0 . 

1000 . 

HO 2 

+ 

OH 


= 

H20 

+ 

02 

8. OE+12 


0 . 

H 

+ 

HO 2 


=2 , 

. OOH 



1 .34E+14 

0 . 

107 0 . 

H2 

+ 

H02 


= 

H202 

+ 

H 

7 . 91E+13 

0. 

25000 . 

OH 

+ 

H202 


= 

H20 

+ 

H02 

6 . 1E+12 

0. 

1430. 

HO 2 

+ 

H02 


= 

H202 

+ 

02 

1 .8E+12 

0. 

0 . 

H 

+ 

H202 


= 

OH 

+ 

H20 

7 . 8E+11 

0. 

0 . 

M 

+ 

H202 


=2 . 

. OOH 



1 .44E+17 

0. 

45510 . 

THIRDBODY 










H2 

2 . 

.30 

02 


.78 


H20 

6.0 H202 

6.6 

END 











H2 

+ 

OH 


= 

H20 

+ 

H 

4 .7 4E+13 

0. 

6098 . 

H 

+ 

02 


= 

H02 

+ 

M 

1 .46E+15 

0 . 

-1000 . 

THIRDBODY 










02 

1 . 

. 30 

N2 


1.3 


H20 

21.3 CO 2 

7 . 0 

END 











M 

+ 

H20 


= 

H 

+ 

OH 

1 . 30E+15 

0 . 

105140 

THIRDBODY 










H2 

4 . 

. 00 

02 


1.5 


H20 

20.0 N2 


1 . 5 

CO 2 

4 

.0 

END 








H 

+ 

0 


= 

OH 

+ 

M 

7 . 1E+18 

-1 . 

0 . 

M 

+ 

H2 


= 

H 

+ 

H 

2.2E+14 

0. 

96000 

THIRDBODY 










H2 

4 

. 10 

02 


2.0 


H20 

15.0 N2 


2 . 0 

END 











M 

+ 

02 


SB 

O 

+ 

0 

1 . 80E+18 

-1 . 

118020 

CH 

+ 

N2 


= 

HCN 

+ 

N 

1. OE+11 

0 . 

19000 . 

CN 

+ 

H2 


= 

HCN 

+ 

H 

6 .OE+13 

0 . 

5300 . 

0 

+ 

HCN 


= 

OH 

+ 

CN 

1 .4E+11 

.68 

16900 . 

OH 

+ 

HCN 


= 

HNCO 

+ 

H 

4 .OE+11 

0 . 

2800 . 

CN 

+ 

0 


= 

CO 

+ 

N 

1 .2E+13 

0 . 

0 . 

CN 

+ 

OH 


SB 

NCO 

+ 

H 

2 . 5E+14 

0 . 

6000 . 

H2 

+ 

NCO 


=s 

HNCO 

+ 

H 

1 .OE+14 

0 . 

9000 . 

HNCO 

+■ 

H 


SB 

NH2 

+ 

CO 

1 .OE+14 

0 . 

8500 . 

CN 

+ 

02 


- 

NCO 

♦ 

O 

3 . 2E+13 

0 . 

1000 . 

CN 

+ 

C02 



NCO 

+ 

CO 

3 .7 E+ 12 

0 . 

0 . 

O 

+ 

NCO 


= 

NO 

+ 

CO 

2 .OE+13 

0 . 

0 . 

N 

+ 

NCO 


= 

N2 

+ 

CO 

1 .OE+13 

0 . 

0 . 

H 

+ 

NCO 



NH 

+ 

CO 

2. OE+13 

0 . 

0 . 

CH 

+ 

NO 


= 

N 

+ 

HCO 

1 .6E+13 

0 . 

9940 . 

CH 

+ 

NO 


= 

O 

+ 

HCN 

2 .OE+12 

0 . 

0 . 

NH 

+ 

OH 


= 

N 

+ 

H20 

5 .OE+11 

0.5 

2000. 

H02 

+ 

NO 


= 

NO 2 

+ 

OH 

2 . 09E+12 

0 . 

-477 . 

O 

+ 

NO 2 


= 

NO 

+ 

02 

1. OE+13 

0 . 

596 . 

NO 

+ 

0 


= 

NO 2 

+ 

M 

5.62E+15 

0. 

-1160. 



TABLE D.l. — Continued. 


NO 2 


+ 

H 

= 

NO 

+ 

OH 

3.47E+14 

0 . 

1470 

NO 


+ 

H 

= 

N 

+ 

OH 

2 . 6 3E+14 

0 . 

50410 

NO 


+ 

O 

- 

N 

+■ 

02 

3 . 8E+9 

1 . 

41370 

O 


+ 

N2 

- 

NO 

+ 

N 

1 -80E+14 

0 . 

76250 

N 


+ 

NO 2 

~2 . 

ONO 



4 . OE+12 

0 . 

0. 

M 


+ 

N20 

= 

N2 

+ 

O 

6 .92E+23 

-2.5 

65000 

O 


+ 

N20 

= 

N2 

+ 

02 

1 .OE+14 

0. 

28020 

O 


+ 

N20 

=2 . 

ONO 



6 . 92E+1 3 

0 . 

26630 

N20 


+ 

H 

= 

N2 

+ 

OH 

7 . 59E+13 

0. 

15100 

NO 2 


+ 

H2 

= 

HN02 

+ 

H 

2 . 4E+ 13 

0 . 

29000 

OH 


+ 

N02 

- 

HN03 

+ 

M 

3 . OE+15 

0 . 

- 3800 

THIRDBODY 









02 


0 

'.70 H2 


1 . 4 


END 




OH 


+ 

NO 

- 

HN02 

+ 

M 

5 . 6E+15 

0 . 

- 17 00 

HNO 


+ 

H 

= 

H2 

+ 

NO 

5 . OE+12 

0 . 

0 . 

H 


+ 

NO 

= 

HNO 

+ 

M 

5 . 4E+15 

0 . 

-600 . 

HNO 


+ 

OH 

- 

H20 

+ 

NO 

3 . 6E+ 13 

0 . 

0 . 

AR 











DISTANCE 

AREA 








&prob 

weletr= . true . , 

conc= .false 

. , 

wsf low= . true 




CX0 = 

15 

. 0, 

cxl=2 0.0, 

print=0 .4,2. 

0, 4 

. 0 , rocket= . 

true., htran= .true., 


htl= 

0 . 

05 , 

ht0=- 4 2 .88 

, pc 

'** 7 3.5, 

athrot=2 .325, 

&end 



&wsprob 

dotmax=1600 . 0 

, delmd=800. 

0, 

mpr=l , volume=300 . 0, 




wsrhtr=.true. , wBrhtl=0.05, wsrhtO= -4 2 . 88 , &end 
&start t=614.0 / p=5.0, mdot=10.0, molef- . false . , x=0.2, ficend 
C3H8 0.0873262 

N2 0.6892887 

02 0.211232 

AR 0.011737 

C02 0.0004162 

END 

ficsolver emax=1.0E-4, atolsp=l . 0E- 13 , &end 
FINIS 


LSENS HIGH TEMPERATURE AIR IONIZATION CASE 12 

NEW 


N 

+ 

02 


- 

NO 

+ 

O 

6 . 4E+09 

1 . 

6250 . 

O 


N2 


= 

NO 

+ 

N 

1 .8E+14 

0 . 

76250 

N 

+ 

O 


= 

NO 

+ 

M 

6 . 4 0E + 16 

-0.5 

0 . 

THIRDBODY 










N20 


2 .25 

END 








O 

+ 

O 


= 

02 

+ 

M 

5 . 7 E+ 1 3 

0 . 

- 1790 

M 

+ 

N2 


= 

N 

+ 

N 

3 . 7 2E+2 1 

-1.6 

225000 

NO 


O 


= 

NO 2 

+ 

M 

5 . 6 2E+ 1 5 

0 . 

- 1160 

THIRDBODY 










N2 


1 . 55 

END 








M 

+ 

N20 


= 

N2 

+ 

O 

6 .92E+23 

-2.5 

65000 

O 


N20 



N2 

+ 

02 

1 . 0E+14 

0 . 

28020 

NO+ 

+ 

E 


= 

N 

+ 

O 

1 . 4 5E+ 2 1 

-1.5 

0 . 

o+ 

+ 

E 


= 

O 

+ 

M 

2 . 00E+26 

-2.5 

0 . 

THIRDBODY 










02 

4 

. 50 

N 


0 , 

. 03 

NO 

50.0 O 


. 03 

END 











02 

+ 

E 


= 

02 - 

+ 

M 

1 .52E+21 

-1 . 

1190 . 

THIRDBODY 










N2 

.00002 

END 








02 

+ 

O- 


= 

02 - 

+ 

O 

6 . 00E+ 1 2 

0 . 

0 . 


END 

DISTANCE AREA 

&prob cx0=1000.0, dbugo- . true . , order= . true . , 
print=0 . 06 , 0 . 50, 0 .70, &end 
&Btart p=l .6803, v=47002.0, t=4820.0, &end 
N2 0.7905 

02 0.2095 

02 - 0.000000001 

END 


&solver 

emax 

=1 . 0E-3 , 

atolsp=l . 0E 

12 , 

&end 




FINIS 

LSENS 

HIGH 

PRESSURE 

HYDROGEN - 

CARBON MONOXIDE 

REACTION 


CASE i: 

NEW 

CH3 

+ 

OH 

= CH30 

+ 

H 

6 . 3E+ 12 

0 . 

0 . 

M 

+ 

CH 30 

= CH20 

+ 

H 

5 . OE+13 

0 . 

21000 . 

CH30 

+ 

H 

= CH20 

+ 

H2 

2 . 0E + 13 

0 . 

0 . 

CH3 

+ 

HCO 

= CH4 

+ 

CO 

3 . 0E + 11 

.5 

0 . 

CH3 

+ 

H02 

= CH30 

+ 

OH 

2.0E+13 

0 . 

0 . 

M 


CH4 

= CH3 

+ 

H 

2 . 0E+17 

0 . 

88000 . 

H 

♦ 

CH4 

= CH3 

+ 

H2 

1 . 26E+14 

0 . 

11900 . 

OH 

+ 

CH4 

= CH3 

+ 

H20 

2 .5E+13 

0 . 

5010. 

CH20 


H 

= HCO 

+ 

H2 

2.5E+13 

0 . 

3990. 

CH20 

+ 

OH 

= HCO 

+ 

H20 

3 . 0E+13 

0 . 

1200 . 

M 

+ 

CH 20 

= H 

+ 

HCO 

5 . 0E+16 

0 . 

81000. 


14 



TABLE D.l. — Continued. 


HCO 

+ 

H 

= 

CO 

+ 

H2 

2.0E+13 

0. 

0 . 

HCO 

+ 

OH 

= 

CO 

+ 

H20 

3.0E+13 

0 . 

0 . 

M 

+ 

HCO 

= 

H 

+ 

CO 

2 . 9E+14 

0 . 

15570. 

CO 

+ 

OH 

= 

C02 

+ 

H 

4 . 17 E+l 1 

0.0 

1000 . 

CO 

+ 

H02 

as 

CO 2 

+ 

OH 

5.75E+13 

0. 

22930 . 

H 

+ 

HO 2 

=2 . 

OOH 



1 . 34E+14 

0 . 

107 0 . 

H2 

+ 

H02 

= 

H202 

+ 

H 

7 . 91E+13 

0. 

25000 . 

OH 

+ 

H202 

= 

H20 

+ 

H02 

6 . 1E+12 

0 . 

1430 . 

M 

+ 

H202 

—2 . 

OOH 



1 .44E+17 

0 . 

45510 . 

THIRDBODY 









H2 

2 . 

30 

H202 

6.6 


H20 

6 . 0 END 


H2 

+ 

OH 


H20 

+ 

H 

4 .74E+13 

0 . 

6098 . 

M 

+ 

H20 

= 

H 

+ 

OH 

1.30E+15 

0 . 

105140 . 

THIRDBODY 









H2 

4 . 

00 

CO 2 

4 . 0 


H20 

20 . 0 END 


M 

+ 

H2 

= 

H 

+ 

H 

2 . 2E+14 

0 . 

96000 . 

THIRDBODY 









H2 

4 . 

10 

H20 

15.0 


END 




END 










TIME 










&prob 

print= 

a . 0 , 1 . 

. E+6 , 1 . E+8 , 1 . E+9 j 

r combus= . true . 




rhocon= . true . , tcon=.true. / &end 





&Btart 

t=1000.0, p=100 . 0 , 

&end 






H2 

0 . 99 









CO 

0 . 01 








END 










&solver emax=l . OE 

-3, atolsp=l . OE- 12 , 

tend 




FINIS 










LSENS 

HYDROGEN 

- OXYGEN LOW TEMPERATURE PHOTOLYTIC IGNITION 

CASE 1' 

NEW 










O 

+ 

H20 

= 

OH 

+ 

OH 

6 . 8E+13 

0 . 

18365 . 

H 

+ 

02 

= 

OH 

+ 

0 

1.89E+14 

0 . 

16400 . 

0 

+ 

H2 

= 

OH 

+ 

H 

4 . 20E+14 

0 . 

13750 . 

H 

+ 

HO 2 

=s 

H2 

+ 

02 

7 . 28E+13 

0. 

2126 . 

0 

+ 

H02 


OH 

+ 

02 

5 . OE+13 

0. 

1000. 

H02 

+ 

OH 

- 

H20 

+ 

02 

8.0E+12 


0 . 

H 

+ 

HO 2 

=2 

.OOH 



1.34E+14 

0 . 

1070 . 

H2 

+ 

H02 

= 

H202 

+ 

H 

7 . 9 1E+13 

0 . 

25000 . 

OH 

+ 

H202 

as 

H20 

+ 

HO 2 

6 . 1E+12 

0 . 

1430 . 

H02 

+ 

H02 

as 

H202 

+ 

02 

1 . 8 E+l 2 

0 . 

0. 

H 

+ 

H202 

= 

OH 

+ 

H20 

7 . 8E+11 

0 . 

0 . 

M 

+ 

H202 

= 

OH 

+ 

OH 

1 . 44E+17 

0 . 

45510 . 

THIRDBODY 









H2 

2 , 

. 30 

02 

.78 


H20 

6.0 H202 

6 .6 

END 










H2 

+ 

OH 

= 

H20 

+ 

H 

4 . 7 4E+13 

0. 

6098 . 

H 

+ 

02 

= 

HO 2 

+ 

M 

1 .46E+15 

0 . 

- 1000 . 

THIRDBODY 









02 

1 

. 30 

H2 

3 . 0 


H20 

21.3 

END 


M 

+ 

H20 


H 

+ 

OH 

1 .30E+15 

0 . 

105140 

THIRDBODY 









H2 

4 

. 00 

02 

1.5 


H20 

20.0 

END 


H 

+ 

0 


OH 

+ 

M 

7 . 1E+18 

-1. 

0 . 

M 

+ 

H2 

= 

H 

+ 

H 

2 . 2E+14 

0 . 

96000 

THIRDBODY 









H2 

4 

. 10 

02 

2.0 


H20 

15.0 

END 


M 

+ 

02 

as 

O 

+ 

0 

1 . 80E+18 

-1 . 

118020 

HNU 

+ 

H2 

>2 

.OH 



. 003 

0 . 

0 . 

HNU 

+ 

02 

>2 

.00 



. 005 

0. 

0 . 

END 










TIME 










&prob 

r hoc on= . true . , iprint=100, 

combust . true . , 

end=l . 0173 

, &end 



&start 

H2 

02 

t=700.0 # p=2 
0 . 667 
0.333 

. 0, 

&end 






END 

&solver 

emax=l . 0E- 6 

, atolsp=1.0E- 

11, 

&end 




FINIS 

LSENS 

METHANE .IR 

MECHAN.; MON. 

DECR 

. TABULAR 

AREA WITH APR I NT 

CASE 15 

NEW 

M 

+ CH4 

— 

CH3 

+ 

H 

2 . 0E+17 

0. 

88000 

H 

+ CH4 

=: 

CH3 

+ 

H2 

1 . 26E+14 

0. 

11900 

CH4 

+ 02 

as 

CH3 

+ 

H02 

7 . 9 4 E+l 3 

0 . 

56000 

O 

+ CH4 

as 

CH3 

+ 

OH 

1 .9E+14 

0 . 

11720 

OH 

+ CH4 

= 

CH3 

+ 

H20 

2 . 5E+13 

0 . 

5010 . 

CH3 

+ 02 

= 

CH30 

+ 

O 

2 . 4 E+l 3 

0. 

28680 

CH3 

+ OH 

= 

CH30 

+ 

H 

6 . 3 E+l 2 

0 . 

0 . 

M 

CH3 

+ CH30 

+ CH3 

= 

CH20 

C2H6 

+ 

H 

5 .0E+13 
2 . 4E+14 

0 . 

- .4 

21000 
0 . 

H 

+ C2H6 

= 

C2H5 

+ 

H2 

1.32E+14 

0 . 

9700 . 


15 



TABLE D.l. — Continued. 


0 

+ 

C2H6 

= C2H5 

+ 

OH 

+ 

C2H6 

= C2H5 

+■ 

M 

+ 

C2H5 

- C2H4 

+ 

C2H5 

+ 

02 

= C2H4 

+ 

H 

+ 

C2H5 

= C2H4 

+ 

CH3 

+ 

CH2 

= C2H4 


H 

+ 

C2H4 

= H2 

+ 

M 


C2H4 

= C2H2 

+ 

C2H4 

+ 

OH 

= C2H3 

+ 

C2H4 

+ 

OH 

= CH3 

+ 

C2H4 

+ 

0 

= CH3 

+ 

C2H4 

+ 

0 

= CH20 

■+ 

M 

+ 

C2H3 

= C2H2 

+ 

C2H3 


02 

= CH20 


C2H3 

+ 

H 

= C2H2 

+ 

C2H3 

+ 

O 

= C2H20 

+ 

C2H3 

+ 

OH 

= C2H2 

+ 

C2H3 

+ 

CH2 

= C2H2 

+ 

C2H3 

+ 

C2H 

=2 . 0C2H2 


M 

+ 

C2H2 

= C2H 

+ 

C2H2 

+ 

O 

= CH2 

+ 

C2H2 

+ 

0 

= C2HO 

+ 

C2H2 

+ 

OH 

= C2H 

+ 

C2H2 

+ 

OH 

= C2H20 

+ 

C2H 

+ 

02 

= C2HO 

+ 

C2H 


OH 

= C2HO 

+ 

C2HO 

+ 

02 

=2 . OCO 

+• 

C2HO 

+ 

O 

—2 . OCO 

+ 

C2HO 

+ 

OH 

=2 . OHCO 


C2HO 

+ 

H 

= CH2 

+ 

C2HO 

+ 

CH2 

= C2H3 

+ 

C2HO 

+ 

CH2 

= CH20 

+ 


2 , 

. OC2HO 

= C2H2 

+ 2 

C2H20 

+ 

OH 

= CH20 

+ 

C2H20 

+ 

OH 

= C2H0 

+ 

C2H20 

+ 

H 

= CH3 

+ 

C2H20 

+ 

H 

= C2H0 

+ 

C2H20 

+ 

O 

= C2HO 

+ 

C2H20 

+ 

O 

= CH20 

+ 

M 

+ 

C2H20 

= CH2 

+ 

C2H 

+ 

O 

= CO 

+ 

CH30 

+ 

02 

= CH20 

+ 

CH30 


H 

= CH20 

+ 

M 

+ 

CH20 

= HCO 

+ 

CH20 

+ 

OH 

= HCO 

+ 

CH20 

+ 

H 

= HCO 

+ 

CH20 

+ 

0 

= HCO 


CH3 

+ 

CH20 

= CH4 


CH3 

+ 

HCO 

= CH4 

+ 

CH3 

+ 

H02 

= CH30 

+ 

M 

+ 

CH3 

= CH2 

+ 

H 

+ 

CH3 

= H2 

+ 

O 

+ 

CH3 

= OH 

+ 

OH 


CH3 

= H20 

+ 

CH 


C02 

= HCO 

+ 

CH 

+ 

02 

= HCO 

+ 

CH2 

+ 

02 

= CH20 

+ 

CH2 

+ 

0 

= CH 

+ 

CH2 

+ 

OH 

= CH 

+ 

CH2 

+ 

H 

= CH 

+ 

CH2 

+ 

CH2 

= C2H3 


CH2 

+ 

CH2 

= C2H2 

+ 

HCO 

+ 

02 

= CO 

+ 

HCO 

+ 

0 

= CO 

+ 

HCO 

+ 

OH 

= CO 

+ 

HCO 

+ 

H 

= CO 

+ 

M 

+ 

HCO 

= H 

+ 

CO 

+ 

O 

= CO 2 

+ 

CO 

+ 

02 

= C02 

+ 

CO 

+ 

OH 

= CO 2 

+ 

CO 

+ 

H02 

= CO 2 

+ 

0 

+ 

H20 

= OH 

+ 

H 


02 

= OH 

+ 

0 

+ 

H2 

= OH 

+ 

H 

+ 

H02 

= H2 

+ 

0 

+ 

H02 

= OH 

+ 

H02 

+ 

OH 

= H20 

+■ 

H 

+ 

H02 

=2 . OOH 


H2 

+ 

H02 

= H202 


OH 

+ 

H 202 

* H20 

+ 

H02 

+ 

H02 

= H202 


H 

+ 

H202 

= OH 



OH 

1.13E+14 

0 . 

7 850 . 

H20 

8.7E+13 

0 . 

3520. 

H 

1 .OE+17 

0 . 

31000 . 

H02 

2.0E+12 

0 . 

5000 . 

H2 

4 . 8E+13 

0 . 

0 . 

H 

2.0E+13 

0. 

0 . 

C2H3 

1.5E+JL4 

0 . 

10200 . 

H2 

2.6E+17 

0 . 

79300 . 

H20 

4 . 8E+12 

0 . 

1230 . 

CH20 

2 . OE+12 

0 . 

960 . 

HCO 

3 . 3E+12 

0. 

1130 . 

CH2 

2 . 5E+13 

0 . 

5000 . 

H 

3 . OE+15 

0 . 

32000 . 

HCO 

3 . 98E+12 

0 . 

-250 . 

H2 

6 .OE+12 

0 . 

0 . 

H 

3 . 3E+ 13 

0. 

0 . 

H20 

5 . OE+12 

0 . 

0 . 

CH3 

3 . OE+13 

0 . 

0 . 


3 . OE+13 

0 . 

0 . 

H 

4 . 2E+1 6 

0 . 

107000 

CO 

1 . 6E+14 

. 0 

9890 . 

H 

4 . OE+14 

0 . 0 

10660. 

H20 

6 . 3E+12 

0 . 0 

7000 . 

H 

3 . 2E+11 

0 . 0 

200 . 

0 

5 . OOE+13 

0 . 

1500 . 

H 

2 . OE+13 

0 . 

0 . 

OH 

1 .46E+12 

0. 

2500 . 

H 

1 -202E+12 

0 . 

0 . 


1 . OE+13 

0 . 

0 . 

CO 

5 .OE+13 

0 . 

0 . 

CO 

3 . OE+13 

0 . 

0 . 

C2H 

1 . OE+13 

0 . 

2000 . 

OCO 

1 . OE+13 

0 . 

0 . 

HCO 

2 .8E+13 

0 . 

0 . 

H20 

7 . 5E+ 12 

0 . 

3000 . 

CO 

1 .13E+13 

0 . 

3428 . 

H2 

7 . 5E+13 

0 . 

8000 . 

OH 

5 . OE+13 

0 . 

8000 . 

CO 

2 . OE+13 

0 . 

0 . 

CO 

2 . OE+16 

0 . 

60000 . 

CH 

5 . OE+13 

0 . 

0 . 

H02 

1 . OE+13 

0 . 

717 0 . 

H2 

2 . OE+13 

0 . 

0 . 

H 

5 . OE+16 

0 . 

81000 . 

H20 

3 . OE+13 

0 . 

1200 . 

H2 

2 . 5E+ 1 3 

0 . 

3990 . 

OH 

3 . 5E+ 1 3 

0. 

3510 . 

HCO 

1 . 0E+10 

0 . 5 

6000 . 

CO 

3 . OE+11 

. 5 

0 . 

OH 

2 .OE+13 

0 . 

0 . 

H 

1 .95E+16 

0. 

91600 . 

CH2 

2 . 7E+1 1 

. 67 

25700 . 

CH2 

1 .9E+11 

.68 

25700 . 

CH2 

2 .7E+11 

.67 

25700 . 

CO 

3 . 7E+12 

0 . 

0 . 

0 

1 . OE+13 

0 . 

0 . 

O 

5 . OE+11 

0 . 5 

6960 . 

OH 

2 . OE+11 

.7 

25800 . 

H20 

5 .OE+11 

. 5 

5900 . 

H2 

3 . 2E+ 11 

0.7 

4970 . 

H 

5 .OE+12 

0 . 

0 . 

H2 

4 .OE+13 

0 . 

0 . 

H02 

3 .OE+13 

0 . 

0 . 

OH 

3 .OE+13 

0 . 

0 . 

H20 

3 .OE+13 

0. 

0 . 

H2 

2 .OE+13 

0 . 

0 . 

CO 

2 . 9E+14 

0 . 

1557 0 . 

M 

2 . 4E+15 

0 . 

4100 . 

O 

2 . 5E+12 

0 . 

47690 . 

H 

4 .17E+11 

0 . 

1000 . 

OH 

5.75E+13 

0 . 

22930 . 

OH 

6.8E+13 

0. 

18365 . 

O 

1 .89E+14 

0 . 

16400 . 

H 

4 . 20E+14 

0 . 

13750 . 

02 

7 . 28E+13 

0 . 

2126 . 

02 

5. OE+13 

0 . 

1000 . 

02 

8. OE + 12 

0 . 

0 . 


1 .34E+14 

0 . 

1070 . 

H 

7 . 91E + 13 

0 . 

25000 . 

H02 

6.1E+12 

0 . 

1430. 

02 

1.8E+12 

0 . 

0 . 

H20 

7 . 8E+ 11 

0 . 

0 . 



TABLE D.l. — Continued. 


M 

+ 

H202 


—2 

. OOH 



1 .44E+17 

0 . 

45510 . 

THIRDBODY 










H2 

2 

.30 

02 


.78 


H20 

6.0 

H202 

6.6 

END 











H2 

+ 

OH 


= 

H20 

+ 

H 

4 . 7 4E+13 

0 . 

6098. 

H 

+ 

02 


= 

H02 

+ 

M 

1 .46E+15 

0. 

- 1000 . 

THIRDBODY 










02 

1 

.30 

N2 


1.3 


H20 

21.3 

CO 2 

7 . 0 

END 











M 

+ 

H20 



H 

+ 

OH 

1.30E+15 

0. 

105140 

THIRDBODY 










H2 

4 

. 00 

02 


1.5 


H20 

20.0 

N2 

1.5 

C02 

4 

. 0 

END 








H 

+ 

0 


= 

OH 


M 

7 . 1E+18 

-1. 

0 . 

M 

+ 

H2 


= 

H 

+ 

H 

2 . 2E+14 

0 . 

96000 

THIRDBODY 










H2 

4 

. 10 

02 


2.0 


H20 

15 . 0 

N2 

2 . 0 

END 











M 

+ 

02 


= 

O 

+ 

O 

1.80E+18 

-1 . 

118020 

CH 

+ 

N2 


= 

HCN 

+ 

N 

1.0E+11 

0 . 

19000 . 

CN 

+ 

H2 



HCN 

+ 

H 

6 . 0E+13 

0 . 

5300 . 

O 

+ 

HCN 


= 

OH 

+ 

CN 

1 .4E+11 

.68 

16900. 

OH 

+ 

HCN 


= 

HNCO 

+ 

H 

4 . 0E+11 

0 . 

2800 . 

CN 

+ 

O 


= 

CO 

+ 

N 

1.2E+13 

0 . 

0 . 

CN 

+ 

OH 


= 

NCO 

+ 

H 

2 . 5E+14 

0 . 

6000 . 

H2 

+ 

NCO 


= 

HNCO 

+ 

H 

1.0E+14 

0 . 

9000 . 

HNCO 

+ 

H 


= 

NH2 

+ 

CO 

1 .OE+14 

0 . 

8500 . 

CN 

+ 

02 



NCO 

+ 

O 

3 . 2E+13 

0 . 

1000 . 

CN 

+ 

C02 


— 

NCO 

+ 

CO 

3 .7E+12 

0 . 

0 . 

O 

+ 

1 70 


= 

NO 

+ 

CO 

2 . OE+13 

0. 

0 . 

N 

+ 

NCO 


= 

N2 

+ 

CO 

1 .OE+13 

0. 

0 . 

H 

+ 

NCO 


- 

NH 

+ 

CO 

2 .OE+13 

0 . 

0 . 

CH 

+ 

NO 


= 

N 

+ 

HCO 

1.6E+13 

0 . 

9940 . 

CH 

+ 

NO 


= 

O 

+ 

HCN 

2 . OE+12 

0 . 

0 . 

NH 

+ 

OH 


= 

N 

+ 

H20 

5 . 0E+11 

0 . 5 

2000. 

H02 

+ 

NO 



NO 2 

+ 

OH 

2 -09E+12 

0. 

-477 . 

O 

+ 

NO 2 


** 

NO 

+ 

02 

1. OE+13 

0 . 

596 . 

NO 

+ 

O 


= 

NO 2 

+ 

M 

. 62E+15 

0 . 

-1160 . 

NO 2 

+ 

H 


= 

NO 

+ 

OH 

3 .47E+14 

0 . 

1470 . 

NO 

+ 

H 


= 

N 

+ 

OH 

2 . 63E+14 

0 . 

50410 . 

NO 

+ 

O 


= 

N 

+ 

02 

3 . 8E+9 

1. 

41370 . 

O 

+ 

N2 


= 

NO 

+ 

N 

1 . 80E+14 

0 . 

76250 . 

N 

+ 

NO 2 


=2 . 

. ONO 



4. 0E+12 

0 . 

0 . 

M 

+ 

N20 


= 

N2 

+ 

O 

6 . 92E+23 

-2.5 

65000 . 

O 

+ 

N20 


= 

N2 

+ 

02 

1. OE+14 

0 . 

28020 . 

O 

+ 

N20 


—2 . 

. ONO 



6 . 92E+13 

0 . 

26630 . 

N20 

+ 

H 


= 

N2 

+ 

OH 

7 . 59E+13 

0 . 

15100 . 

NO 2 

+ 

H2 


= 

HNO 2 

+ 

H 

2 . 4E+ 13 

0 . 

29000 . 

OH 

+ 

NO 2 


- 

HNO 3 

+ 

M 

3 . 0E+ 15 

0 . 

-3800 . 

THIRDBODY 










02 

0 , 

.7 0 

H2 


1.4 


END 




OH 

+ 

NO 


= 

HNO 2 

+ 

M 

5 . 6E+15 

0 . 

-1700 . 

HNO 

+ 

H 


= 

H2 

+ 

NO 

5 .0E+12 

0 . 

0 . 

H 

+ 

NO 


- 

HNO 

+ 

M 

5 . 4E+15 

0 . 

-600 . 

HNO 

+ 

OH 


= 

H20 

+ 

NO 

3 . 6E+ 13 

0 . 

0 . 


END 

DISTANCE AREA 

&prob Xtb= 0.0,5.0,10.0,15.0,20.0,25.0,30.0,32.0,34.0,36.0,38.0,40.0,42.0,44.0, 
atb= 12 00. 0,1180. 0,1160. 0,1 14 0.0, 1120. 0,1100. 0,1080. 0,106 0.0, 104 0.0, 1020.0, 
1000.0, 980.0, 960.0, 940.0, 
aprint = 1180.0, 1150., 1110., 950.0, &end 
&8tart t=1600.0, mach=2.0, p=1.730, &end 
CH4 0.049768 

02 0.199072 

N2 0.75116 

CN 0.0000001 

END 

&solver emax=l . 0E- 5 , atolsp=l . 0E- 14 , &end 
FINIS 

LSENS METHANE - AIR WITH TAB. AREA PROFILE OF CASE 15, BUT PRINT ASSIG; CASE 16 
REPEAT 

DISTANCE AREA 

&prob Xtb= 0.0, 5. 0,10. 0,15. 0,20. 0,25. 0,30. 0,32. 0,34. 0,36. 0,38. 0,40. 0,42. 0,44.0, 
atb= 1200. 0,1180. 0,1160. 0,1140. 0,1120. 0,1100. 0,1080. 0,1 06 0.0, 104 0.0, 1020.0, 
1000.0, 980.0, 960.0, 940.0, 

print = 5.0, 12.4954, 22.4363, 43.0002, &end 

&start t=16 00.0, mach=2.0, p=1.730, &end 


CH4 

0 . 049768 

02 

0. 199072 

N2 

0.75116 

CN 

0.0000001 
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TABLE D.l. -Concluded. 


END 

&solver emax=l . 0E~ 5 , atolsp=l . 0E- 14 , 
FINIS 


&end 
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TABLE D.2. — SELECTED KINETICS TEST CASE RESULTS 
(a) Case 1 


XX DATA LINES XX 

12345678 
CC 12345678901234567890123456789012345678901234567890123456789012345678901234567890 


LSENS BROMINE DISSOCIATION IN A SHOCK TUBE CASE 1 

M + BR2 =2 . OBR 6.99E+11 0.50 35500. 

THIRDBODY 

BR2 3.80 END 

- BLANK LINE - 
XE 

DISTANCE AREA 

Bprab lsubm=32200 . 0, ata=0.5, shock= . true . , 
print=0 . 05> 2 . 0, 4 . 0, Bend 


Bstar+ 

p=0 . 1 227 , mach s 3 . 2646 , t=299.9. 

Band 

BR2 

0 .01 


XE 

0 . 99 


END 




Bsolvar amax=1.0E-2, atolsp=l . 0E-10, Band 
FINIS 


XXX THE FOLLOWING 2 ELEMENTS CONSIDERED FOR THIS PROBLEM XXX 
BR XE 

XXX THE FOLLOWING 2 REACTING SPECIES CONSIDERED FOR THIS PROBLEM XXX 
BR2 BR 

xxx THE FOLLOWING 1 INERT SPECIES CONSIDERED FOR THIS PROBLEM XXX 
XE 

XXX THERMODYNAMIC DATA, MOLECULAR WEIGHT AND HEAT OF FORMATION AT 25 C xxx 


0 B 44479494E+01 
0 . 3846957 9 E+0 1 


MWT = 159.81799316 

0 . 10051 208E-03 -0 . 16 393816E-07 

0 , 26111840E-02 -0 . 4Q034147E-05 


HC 25 C) = 7 . 3874E+03 CAL/MOLE 

0 . 22685621 E-ll -0 . 10236774E-1 5 
0.28120688E-08 -0 . 73256201 E-12 


D . 23659941 E+04 0 . 40888429E+01 

0.24846985E+04 0 . 6 96 96 984E+Q1 


BR 

0.20843208E+01 
0 . 246 U552E+01 


MWT = 79.90899658 

0 , 7 1949483E-03 -0 . 27419924E-06 

0 .33319276E-03 -0 . 10080655E-05 


HC 25 C) = 2 . 67 35E+04 CAL/MOLE 

0.42422649E-10 -0 . 23791569E-14 

0 . 12262126E-08 -0 .44283511E-12 


0 . 1 2858837 E+05 0 . 908 38 003E+01 

0 . 1 27 1 1920E+05 0 . 694947 34 E+0 1 


XE 

0 . 2500009 OE+Ol 
0 . 25000000E+01 


MWT = 131 .28999329 

0. OOOOOOOOE+OO 0 . OOOOOOOOE+OO 
0. OOOOOOOOE+OO 0. OOOOOOOOE+OO 


HC 25 C) = -2.63HE-13 CAL/MOLE 

0. OOOOOOOOE+OO 0. OOOOOOOOE+OO -0.745 37 500E+03 

0. OOOOOOOOE+OO 0. OOOOOOOOE+OO -0.74 537 500E+03 


0.61512742E+01 

0.61512742E+01 


XX EQUILIBRIUM SHOCK CALCULATION XX 

INITIAL STATE FINAL STATE FINAL/INITIAL RATIO 


PRESSURE 

0.1227 

1.6130 

13.1460 

CATM) 

VELOCITY 

57877.96 

18108.93 

0.3129 

CCM/SEC) 

DENSITY 

6 . 56 Q43E-04 

2. 09678E-03 

3.1961 

CG/CMXX3) 

TEMPERATURE 

299.90 

1231.23 

4.1055 

C DEG K ) 
ENTHALPY 

0.62802 

36.74173 

58 . 50399 

CCAL/G) 

INTERNAL ENERGY 

-3.90133 

18.11191 

-4.64249 

CCAL/G) 

SP. HEAT CCP) 

0.03804 

0.04279 

1 . 12498 

(CAL/G/DEG K) 
ENTROPY 

0 . 3422 

0,3576 

1 . 0451 

C CAL/G/DEG K) 
MACH NUMBER 

3.2646 

0.5172 

0.1584 

GAMMA 

1.6586 

1.5471 

0.9328 

SONIC VELOCITY 

17728.96 

35015.99 

1.9751 


CCM/SEC) 

SPECIES MOLE FRACTION 
BR2 8 . 1 1884E-03 

BR 3.72507E-03 

XE 9.88156E-01 

MIXTURE MOLECULAR WEIGHT 131.33022 

DC LOG VOLUME )/DC LOG T) 1.0161 

AT CONSTANT P 

DC LOG VOLUMEJ/DCLOG P) -1.0008 

AT CONSTANT T 


COMPUTATIONAL WORK REQUIRED FOR EQUILIBRIUM SHOCK CALCULATION » 
NO. OF ITERATIONS = 2 CPU TIME = I.999998E-02 S 
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TABLE D.2. — Continued 
(a) Continued. 


** FROZEN SHOCK CALCULATOR XX 

INITIAL STATE FINAL STATE FINAL/INITIAL RATIO 


PRESSURE 

(ATM) 

0.1227 

: .6017 

13.0535 

VELOCITY 

(CM/SEC) 

57877.96 

1841: .41 

0.3181 

DENSITY 

(G/CMXX3) 

6.56043E-04 

2.062I.3E-03 

3.1436 

TEMPERATURE 
(DEG K) 

299.90 

1245. 31 

4.1524 

ENTHALPY 
(CAL /G) 

0.62802 

3 t .60887 

58 . 29243 

INTERNAL ENERGY 
(CAL/G) 

-3.90133 

17 .80106 

-4 . 56282 

SP. HEAT (CP) 
(CAL/G/DEG K) 

0 . 0 36 0 A 

t .03807 

1 . 00084 

ENTROPY 
(CAl/G/DEG K) 

0.3422 

( . 357 5 

1 . 0449 

MACH NUMBER 

3.2646 

C . 5098 

0 .1562 

GAMMA 

I .6586 

1.6577 

0 . 9994 

SONIC VELOCITY 
(CM/SEC) 

17728.96 

36117.20 

2.0372 


MIXTURE MOLECULAR WEIGHT 

DCLOG VOL UME )/D( LOG T) 

AT CONSTANT P 

D( LOG VOLUME )/ D( LOG P) 

AT CONSTANT T 


SPECIES MOLE FRACTION 
BR2 I . OOODOE-02 

BR 0.00000E+00 

XE 9.90000E-01 

131.57527 

1 . 0000 


- 1.0000 


COMPUTATIONAL WORK REQUIRED FOR FROZEN 
NO. OF ITERATIONS = 2 CPU TIME 


SHOCK CALCULATION. 
= 0. 000000 E+OQ S 


DISTANCE-AREA VERSION 


LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LEWIS RESEARCH CENTER 


LSENS BROMINE DISSOCIATION IN A SHOCK TUBE 


CASE 1 


REACTION 




REACTION 

NUMBER 




1 

M 

+ 

1XBR2 

- 2*BR 


REACTION 

RATE VARIABLES 


A 

N 

ACTIVATION 

ENERGY 

6.99000EF11 

0 .5000 

35500.00 


ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M( BR2 


I) = 3.80000 


** mi INPUT DATA GIVEN IN CGS UNITS #* 


<* OUTPUT REQUIRED IN CGS UNITS ** 


XX ASSIGNED VARIABLE PROFILE *x 

THE AREA IS CALCULATED FROM THE FOLLOWING FUNCTION 
(SHOCK TUBE CROSS-SECTIONAL AREA )/( AREA) = 1 - (X (CM)/ 3220 0 . 000 ) xx( 0.50000) 


NUMBER OF REACTING SPECIES s 2 
NUMBER OF INERT SPECIES ; 1 

NUMBER OF SPECIES ODE'S REQUIRED FOR THiS CASE. 2 

TOTAL NUMBER OF ODE'S REQUIRED FOR THIS CASE; 5 


INTEGRATION CONTROLS 

INTEGRATION METHOD (MF). 21 MAXIMUM RELATIVE ERROR' 1.00000E-<2 SPECIES ABSOLUTE ERROR i 

MAXIMUM NUMBER OF STEPS ALLOWED FOR THE COMPLETE PROBLEM: 2DOO 


1 . OOOOOE-IO 


XX OUTPUT REQUIRED AT FOLLOWING 3 PRINT STATIONS XX 


STATION AXIAL DISTANCE (CM) 

1 5 . OQOOOE-02 

2 2.GQ00OE+00 

3 A . OOOOOE+OO 
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TABLE D.2. — Continued, 
(a) Continued. 


*# INITIAL CONDITIONS *# 


TIME O.OOOOOE+OO SEC AREA 1. OOOOOE+OO 


AXIAL POSITION O.OOOOOE+OO CM 


FLOW PROPERTIES 
PRESSURE 

1.60167 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 

0 

(ATM) 

VELOCITY 

18411 .91 

AVERAGE STEP SIZE 

0 .OOOOOE+OO 

(CM/SEC) 

DENSITY 

2.06233E-03 

METHOD ORDER 

0 

(G/CM**3) 
TEMPERATURE 
(DEG K) 
MASS FLUX 

1245.31 
3 . 79704E+0 1 

TOTAL NUMBER OF STEPS 

0 

(G/SEC/CM**2) 

ENTROPY 

0.3575 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K) 
MACH NUMBER 

0.5098 

JACOBIAN EVALUATIONS 

0 

GAMMA 

ENTHALPY 

(CAL/G) 

SP. HEAT (CP) 
(CAL/G/DEG K) 

1 .6577 
3 . 66 089E+01 
3 . 8067 IE-02 




CHEMICAL PROPERTIES 


SPECIES 

BR2 

BR 

XE 


CONCENTRATION 
CMOLE5/CMKX5) 
1.56741E-07 
O.OOOOOE+OO 
1 .55174E-05 


MOLE FRACTION 

1 .OOOOOE-02 
0 . OQOOOE+OO 
9 . 9 0 000E-Q1 


NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI- 

RATE (MOL E/ CM* *3/ SEC) NUMBER CGS UNITS CMOlE-CMX*3/G**2/SEC) TIVE DIR RATE 

-3. 66694E-05 1 1.4519E+07 8.62161E+00 I. OOOOO 

7 .33389E-05 
0 . OOOOOE+OO 


DERIVATIVES (CGS UNITS). T 


5 . 00570E+00 RHO 


1.73397E-05 V 


-5.36590E+02 


MIXTURE MOLECULAR WEIGHT 131.57527 TOTAL ENERGY EXCHANGE RATE 3.97306E+05 

<CAL-CM**3/GX*2/$EC) 


MASS FRACTION SUM 1.00000000 


CPU TIME FOR INITIALIZATION OF LSENS = 0.860000 S 


TIME 2.71785E-06 SEC AREA 1.00125E+00 


AXIAL POSITION 5.00000E-02 CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

1 .60250 

STEPS FROM LAST PRINT 

4 

(ATM) 

VELOCITY 

18389.24 

AVERAGE STEP SIZE 

0 . 14283E 

(CM/SEC) 

DENSITY 

2.06306E-03 

METHOD ORDER 

1 

(G/CM**3) 

TEMPERATURE 

1245.51 



(DEG K) 
MASS FLUX 

3.79855E+01 

TOTAL NUMBER OF STEPS 

4 

(G/SEC/CMXX2) 

ENTROPY 

0.3575 

FUNCT EVALUATIONS 

5 

(CAL/G/DEG K) 
MACH NUMBER 

0.5091 

JACOBIAN EVALUATIONS 

2 

GAMMA 

1.6577 



ENTHALPY 

3.66186E+01 



(CAL/G) 

SP. HEAT (CP) 

3.80671E-02 



(CAL/G/DEG K) 





CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

(MOLES/CMXX3) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (M0LE/CMXX3/SEC) 

REACTION 

NUMBER 

RATE CONST 
CGS UNITS 

NET REACTION CONV RATE 
(M0LE-CM*K3/G*X2/SEC) 

NET RATE/POSI- 
TIVE DIR RATE 

BR2 

BR 

XE 

1 .56697E-07 
1.99794E-10 
1 .55229E-05 

9 .99357E-D3 
1 .27421E-05 
9 . 89994E-01 

-3.67572E-05 
7 . 351 44E-05 
O.OOOOOE+OO 

1 

1 .4553E+07 

8.63612E+00 

0.99999 

DERIVATIVES (CGS UNITS). 

T 

2.61468E+00 RHO 

1 .13364E 

-05 V 

“3 . 30484E+02 


MIXTURE 

MOLECULAR WEIGHT 

131.57444 

TOTAL ENERGY EXCHANGE RATE 3. 

(CAL-CM**3/G**2/SEC) 

97974E+Q5 

MASS FRACTION SUM ] 

t .00000000 


COMPUTER TIME (CPU) REQUIRED . FOR THIS STEP - 1.999998E-02 S 


UP TO THIS TIME - 1.999998E-02 S 
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TABLE D.2. — Continued, 
(a) Concluded. 


TIME 2 . 1 9540 E-04 SEC AREA 1.D1127E+00 


FLOW PROPERTIES 


PRESSURE 

I .61361 

(ATM) 

VELOCITY 

18091.43 

(CM/SEC) 

DENSITY 

2. 07827E-03 

(G/CMXK3) 

TEMPERATURE 

1244.35 

( DEG K ) 
MASS FLUX 

3 . 80227E+01 

(G/SEC/CM**2) 

ENTROPY 

0.3576 

(CAL/G/DEG K ) 
MACH HUMBER 

0.5009 

GAMMA 

1.6581 

ENTHALPY 

3 . 67484E+01 

CCAL/G) 

SP. HEAT (CP) 

3.80723E-02 


CCAL/G/DEG K) 


AXIAL POSITION 4.0Q0QCE+QQ CM 


INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 2 

AVERAGE STEP SIZE 0.14460E+01 

METHOD ORDER 2 

TOTAL NUMBER OF STEPS 10 

FUNCT EVALUATIONS 14 

JACOBIAN EVALUATIONS 5 


CHEMICAL PROPERTIES 


SPECIES 

BR2 

BR 

XE 


CONCENTRATION 
(M0LES/CM**3) 
1 .50195E-07 
1 .55159E-08 
1 . 56374E-05 


MOLE FRACTION 

9 . 50418E-03 
9.81828 E-04 
9 .89514E-Q1 


NET SPECIES PRODUCTION REACTION 
RATE ( MOL E/ CM* X 3/ SEC ) HUMBER 
-3.32811E-05 1 

6 . 6 5621E-05 
0. OOODOE+OO 


RATE CONST NET REACTION CONV RATE NET RATE/POSI- 

CGS UNITS (MOLE-CMXX3/GXK2/SEC) TIVE DIR RATE 

I . 4354E+07 7 , 7Q535E+00 0.95156 


DERIVATIVES (CCS UNITS)* T -5.00701E-01 RHO 3.10388;-06 V 


-5 . 25083E+01 


MIXTURE MOLECULAR WEIGHT 131.51068 TOTAL ENERGY EXCHANGE RATE 3 55082E+Q5 MASS FRACTION SUM 1.00000000 

CCAL~CM**3/G**2/SEC) 


COMPUTER TIME (CPU) REQUIRED* FOR THIS STEP - O.OOQOOGE+OO S UP TO THIS TIME - 3.000003E-02 S 


(LSEHS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM* 

TOTAL NO. OF STEPS - 10 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 14 

TOTAL NO. OF JACOBIAN EVALUATIONS - 5 

TOTAL CPU TIME - 0.03(000 5 


TOTAL CPU TIME ( INCLUDING I^O> REQUIRED = 1.010000 S 


( LSEN5) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued, 
(b) Case 2 



DISTANCE-AREA 

VERSION 

LLHIS 

SENSITIVITY 

AND 

GENERAL KINETICS 

PROGRAM NASA 

LLHIS RESEARCH 

CLIIILK 



L SENS 

HYDROGEL 

- A I 

K TEST WITH 

HEAT 

TRANSFER 

STUICM CA 

jE 2 


REACTION 




REACTION 



REAL 1 IUI1 

RA1E VAklABIES 


HUMBER 








A 

N 

ACT 1 VAT JON 











Fill ROY 

1 

1*0 

* 

1*H20 

i 

2*0H 



6 .BOOODEt 13 

0 uouo 

1 B 36 5 . 00 

2 

1 * H 

♦ 

1*02 

5 

1 *011 

♦ 

uo 

1.890UOEH4 

0 . 0000 

16400.00 

J 

1*0 


1*H2 


UOH 

♦ 

1*H 

4 . 20 00 OF * 14 

D I10UD 

1 3750 .00 

A 

1 *H 

♦ 

1*H02 


I »H2 

♦ 

1*U2 

7 . 2800DE * 1 3 

o . dooo 

2126.00 

5 

1*0 

4 

UH02 

* 

UUH 

f 

1 *02 

s.onooorns 

o . oouo 

1000 . 00 

6 

1 *H02 

♦ 

UOH 


1*H20 

I 

1*02 

8 . OUOOOE* 1 2 

0 0 0 0 0 

0 . 00 

7 

mu 

4 

1*H02 

= 

2*OH 



1 . 34 00 OE l 14 

o . uooo 

1070.00 

8 

1 *H2 

♦ 

UH02 


UH202 

t 

1 *H 

7.910GDEM3 

0 . 0000 

25000 .00 

9 

1 *0H 

♦ 

UH202 

X 

UH20 

♦ 

UHQ2 

6 1 000 DE * I 2 

0 . 0000 

1430.00 

10 



2* H02 


1 *H202 


1 *02 

1 .8000DEI 12 

o . o o u o 

0 . 00 

n 

1 *H 

♦ 

1 *11202 


1 «OH 


1 *H20 

7 . 80000 t'l 11 

0 . 0000 

0 . UO 

12 

H 

4 

1 *11202 


2*OH 



1 . 44 DOOE < 17 

o . oouo 

45510 00 

13 

1 *H2 

♦ 

UOH 


1 *H20 

+ 

1*H 

4 . 74D00E+ 1 3 

ooooo 

6098 .QU 

14 

1 *H 

4 

U 02 

2 

1 *H02 

+ 

M 

1 . 46 0 0 OE i 1 5 

o . oouo 

- 1 000 . OU 

1 5 

M 

♦ 

UH2U 


] *11 

♦ 

UOH 

] . 30 00 OF i 1 5 

o oono 

105140 . OU 

16 

1 *M 

4 

i*0 


UUH 

♦ 

M 

7 . lOOQOFi 18 

- 1 . oouo 

0 . 00 

17 

M 

♦ 

UH2 


2*H 



2 . 20000E > 14 

0 . 00(10 

96000 . 00 

18 

M 

4 

1*02 

X 

2*0 



1 8 0 0 0 0 E ■ 18 

- 1 . OQIM) 

118020 00 

19 

1 *H02 

4 

UNO 


1 * N02 


UOH 

2 OUOOOE t 1 2 

0 01100 

-47 7 . 0(1 

20 

1*0 

4 

1*1102 

s 

1 *110 

♦ 

1*02 

1 000001 i 1 3 

0 oouo 

596 . 00 

21 

1 * NO 

4 

1*0 


1 *N02 

♦ 

M 

5.62000015 

0 . uooo 

-1160 00 

22 

1 *N02 

4 

1*H 

z 

UNO 

♦ 

UOH 

3 4 7 ODOE ♦ 1 4 

0 0000 

1470.00 

23 

1 * NO 

4 

1*0 

s 

UN 

♦ 

U 02 

3 .8DOOOOU9 

1 0 000 

41 370. DO 

24 

1*0 

4 

1*N2 

s 

UNO 

t 

1 *11 

I 8 D 0 0 0 E * 1 4 

0 0000 

76250 DO 

25 

l *NO 

♦ 

1 * H 

* 

1*N 

i 

UOH 

2.630000 14 

0 0000 

50410 DO 

26 

M 

♦ 

UNZO 

s 

1 *M2 

f 

UO 

6 .92000C + 23 

■ 2 5000 

65000 00 

27 

1 *0 

4 

1 *1120 

s 

UN2 

+ 

1*02 

1 . OOOOOO 1 4 

0 0000 

28020. DO 

2B 

1*0 

♦ 

1*N20 

5 

2*NO 



6 . 9200QE * 1 3 

0 . oouo 

26630 00 

29 

1KN 

4 

1 *1102 

2 

2*NO 



4.00000EH2 

0 . 0000 

0 . 00 

50 

1*N 20 

4 

1*H 

£ 

1*N2 

+ 

UOH 

7 . 59000EH 3 

0.0000 

I 5 1 0 D 00 

31 

UN02 

4 

UH2 

S 

UHN02 


1*H 

2 . 4O000F* 1 3 

0 .0000 

29 0 0 D 00 

32 

I *OH 

4 

1 *N02 

= 

1 *11110 3 

+ 

M 

3 . OOOOOEM 5 

0 . ouoo 

- 3800 00 

33 

UOH 

4 

1 *NO 

= 

1 *HN02 

+ 

H 

5 .6 0000E 1 1 5 

0.0000 

- 1 700 00 

34 

l * MHO 

+ 

UH 

2 

1*H2 

♦ 

UNO 

5. OOOOOEt 12 

0 . 0000 

0 0 0 

35 

1*H 

+ 

UNO 

£ 

UHNO 

f 

M 

5.400001*1 5 

0.0000 

-600 00 

36 

UHNO 

4- 

UOH 

= 

1 *1120 

♦ 

UNO 

3.6U000E+13 

0 ooou 

0 00 





ALL 

THIRD BUDY 

RATIOS ARE 

0 EXCEPT 

THE FULL ONI NG 




M(H2 

. 12) = 

2. 30 DU D 

M( 02 

, 12) = 

0 78000 

MIH20 

, 12) = 6.0UUUO 

MOIZU2 

, 12) ^ 

6 60000 

Ml U2 

, 14 ) = 

1 . 30000 

M( 112 

. 14) s 

I . 30000 

MIH20 

. 14 ) = 21 30000 

Ml M2 

, 14) = 

3 . 00000 

Ml HZ 

.15) = 

4 . 00000 

Ml 1)2 

. 15) * 

l . 50000 

Ml H20 

, 15) = 20.00000 

Ml 112 

, 15) - 

l . 50000 

Ml 112 

. 17) = 

4 . 10000 

Ml 02 

. 17) ■ 

2.00000 

Ml H20 

, 1 7 ) = 1 5. 00000 

Ml 112 

. 17) = 

2 . 00000 

HC 02 

, 32) = 

0.70000 

Ml 112 

. 32) * 

1.40000 







»* liLH INPUT DATA GIVEN III COS UNITS H * 


OUIPUT REQUIRED 111 COS UNITS 


** ASSIGNED VARIABLE PKUHLE • * 

THE AREA IS CALCULATED FROM THE FOLt OWING POLYNOMIAL 
AREA <CM**2) ■ ( 0 . DOQOOEt-OO )X**3 t < Q . 00000E 1 00 )X* *2 * ( 0 . 00 CODE *00 )X + ( 2.0UOOOt*OiJ 

THE AREA HILL BE HELD CONSTANT (UK THIS CASE 

HEAT TRANSFER CASE* QDOT (CAL/CM-SEC) * 

( 0 . 0QG0UE + 0Q)U*4 *■ ( 0 . 00 DODfc « 00 ) T* * 5 4 0.000006+00)1**2 ♦ ( 5 86300Et00M ♦ I - A 28 6 0 0 L i 0 I > 

FUEL-AIR REACTION. FUEL -AIK EQUIVALENCE RATIO = 1.0000 OXYGEN fKACIIUN 111 AIR = 0.2095 


NUMB LR OF 
NUMB L K 


REACTING STEClLSi 
OF INERT SPECIES* 


NUMBER OF SPECIES ODE'S REQUIRED FUR THIS CASE* 
TOTAL HUMBER OF ODE'S REQUIRED FUR THIS CASE* 


INTEGRATION CONTROLS 


INTEGRATION METHOD ( MF ) * 21 


MAXIMUM RELATIVE ERROR. 


5 . 00000 E -03 


SPECIES ABSOIUIL LRKUR. 


1 . 1)00 DO L I 2 


MAXIMUM NUMBER UF STEPS ALLOIILD (UR THE COMPLEIL P R OBI L M . ZUUO 


** OUIPUT REQUIRED AT FOLLOWING 4 PRIM! SIAIIOHS »» 


S1A1ION AXIAL D1S1ANIE <CMI 

1 3 0A800E+00 

2 6 096 00 E * 00 

3 7. 620001+00 

A 1.21900E401 


23 



TABLE D.2. — Continued 
(b) Continued. 


KM INITIAL COND1 1 ] OHS «* 


TIME Q OOOOOEtOO SEC 


AREA Z.OQQDdEtO) SO CH 


AXIAL POSITION 0. OOOOOEtOO CH 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC ) 

or NS I TV 

Ui/(.M»»i) 

I i Ml’ EH A l URL 
(DEO X) 

MASS HOW RATE 
(G/SEC) 
ENTROPY 
( CAl /G/ DEG X) 
MACH NUMBER 

GAMMA 

tNIHALPY 

(CAl/O) 

SP. MEAT (CP) 
(CAL/O/DEQ X) 


0.95600 
A5Q9A5.6A 
1 . 56988E-OA 
1559.00 
1 . A l S86£t Q 5 
2.6767 
5 . 0000 
l . 3183 
A. 5A652Et02 
3.9U2QE-01 


1 III EGRAI 1011 INDICATORS 
SI EPS FROM LAST PRINT 
AVERAGE STEP SUE 
MU HUD OH DIR 

TOiAL NUMBER OF STEPS 
FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 QOQOOEtOO 


MEAT LQSStODOI/MDOT) 


6 A25AE-02 CAL/(G-CH) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET KEACt ION CUNV RAit 

NL 1 KATf/POSI- 


(MOL ES/CM» * 3 ) 


RATE (MOL E/CM »» 3." SEC) 

NUMBER 

CGS UNITS 

(MOLE CM *» 3/Gii*2/ SEC ) 

T1VE DIR RATE 

0 

0 . OOOOOEtQD 

0 . OOOOOEtOO 

6 701 13E-1 3 

1 

1 .ailJE i 11 

0 OOOOOEtOO 

0 00000 

H20 

0 OOOOQE+OQ 

0 .OOOOOEtOO 

0. OOOOOEtOO 

2 

9 . A932E 1 1 1 

0 OOOOOEtOO 

0 00000 

OH 

0 OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

3 

A .962Aft 12 

0 OOOOOEtOO 

0.00000 

H 

0 .OOOOOEtOO 

0 .OOOOOEtOO 

1 . 05759E-05 

A 

3.6652EU3 

A . 2098AE * 02 

1 . OOUOO 

02 

1 . 10332E-06 

] . A7639E-Q1 

-1 03753E-05 

5 

3 . 6 206£t 1 3 

0 000 DO E t 00 

0 .00000 

H2 

2.2066 5E-06 

2 . 95278E-01 

- 1 . 03756E-05 

6 

« .OOOOEt 12 

0 OOOOOEtOO 

0 00000 

MOZ 

0 OOOOOEtOO 

0 . OOOOOEtOO 

1 . 03753E-05 

7 

9 . A86 5E * 1 3 

0 . OOOOOEtOO 

0 UOOOQ 

H2D2 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOEtOO 

8 

2.A7A7EHO 

0 OOOOOEtOO 

0 OOODO 

NO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEtOO 

9 

3.8AA7EU2 

0 OlHIOOt > 00 

0 UOOOQ 

N02 

0 OOOOOEtOO 

0. OOOOOEtOO 

0. OOOOOEtOO 

10 

1 .8000ft 12 

U . OOOOOEtOO 

0 . 00000 

II 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0. OOOOOEtOO 

1 1 

7 .aoooEt 1 1 

0 OOOOOEtOO 

0 00000 

N2 

A . 1 ) 268 E - 06 

5.50 303E-01 

-1 .269586-1 3 

12 

6 .OOA9Et 10 

0 . OOOOOEtOO 

0 . UOOOQ 

N?0 

0 OOOOOEtOO 

0 OOOOOEtOO 

1 26958E-13 

13 

6 .62I0EH2 

U . OOOOOE t OO 

0 0000(1 

HN02 

0 OOOOOEtOO 

0 OOOOOEtOO 

0 OOOOOEtOO 

1 A 

2.0I62EM5 

0 . OOOOOtt DO 

0 oooou 

NNOJ 

0 OOOOOEtOO 

0 OOOOOEtOO 

0 OOOOOEtOO 

15 

2 . 37 0 3E t 00 

0 OOOOOEtOO 

0 00000 

mm 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEtOO 

16 

A . 55A2E* 15 

0 OOOOOE 1 DO 

0 oooou 

C02 

1 . 57 996 E 09 

2. 11AJ9E OA 

0 OOOOOEtOO 

17 

7 66626*00 

1 3A051 E-02 

1 DODOD 

AR 

A ,90836E-0d 

6 . 56802E03 

0 OOOOOEtOO 

U 

3 29S7E 02 

1 10195L 05 

1 000(10 





19 

2 . A3/9E* 1 2 

0 . Dooour i <IU 

0 . 00000 





20 

8 . 2A99Et 12 

0 . OOOOOE UIU 

0 oooou 





21 

8 . 1 7 2AE 1 1 5 

0 OOOOOEtOO 

0 00000 





22 

2 . 1 590E* 1A 

0 OOOOOEtOO 

0-00000 





23 

9 . A 003£t 06 

0 OOOOOEtOO 

0 . ooooo 





2A 

3 . 6821 E t 03 

D . OOOOOEtOO 

0 001)00 





25 

2 . 2552E t 07 

0 OOOOOEtOO 

0 ooooo 





26 

5 . 57 07E 1 06 

0 . OOOOOE t 00 

0 . ooooo 





27 

l . I803E i ) 0 

-51 51 A3E06 

1 ooooo 





28 

1 2/93E* 10 

0 00 UU Of t 00 

o ooooo 





29 

A OOOOEt 12 

D OOOOOEtOO 

D OOOOO 





30 

5 SQOlEt 11 

0 . OOOOOEtOO 

0 . ooooo 





31 

2 . 06A5E t 09 

0 OOOOOEtOO 

0 DO 00 0 





32 

1 0229Et 16 

0. OOOOOEtOO 

0 ooooo 





S3 

9 69A0E 1 1 5 

0 . OOOODEt 00 

0.00000 





3A 

5 . OOOOEt 12 

0 . OOOOOE tUO 

0 . ooooo 





35 

6 . 5 5A0E 1 1 5 

0 . OOOOOEtOO 

0 . ooooo 





36 

3 OOOOEt 1 3 

0 . OOOOOEtOO 

0 . ooooo 

DERIVATIVES (CGS UNITS). 

T -2 

AA902E-01 RHQ 

-7 .7 1706E 

-10 V 

2 . 21672E* 00 


MIXTURE 

MOLECULAR HEIGHT 

21 . 007 QA 

TOTAL ENERGY EXCHANGE 

RATE 2. 

2 !A61EtQ7 

MASS FRACTION SUM 1 

. .00000000 




( CAL -CM**3/GK*2/SEC ) 






CPU TIME 

FOR INITIALIZATION OF ISENS ■ 

1 210000 S 





TABLE D.2. — Continued, 
(b) Continued. 


I 1ME l.3b472E"Qi SEC AREA 2.0U0OUE*03 SQ CH 


AXIAL POSH ION 6.0460UHUO CM 


El UN PROPER! IES 


INI El>K A I I ON iNOICAIUHS 


PHL3SUK E 
(AIM) 

vf i oci ry 

(CIV SEC) 

otiisnr 

I tMPLRATURt 
(OEG K > 

MASS H OH RATE 
UVSLC) 

entropy 
u:al/g/deg kj 

MACH NUMBER 


1 .32/71 
<•45625.60 
1 . 58862E04 
2217 . lb 
1 41386E*05 
2.7814 
A .2705 


SfU'S TNOM IASI l‘K 1 III 
AVERAGE 3 1 LP S12E 
ML I HU U ORDER 


2/ 

0 . ) 3)641-1 DU 
3 


(DIAL HUM tH K Of SIEPS 72 

EUIICT EVALUAUOIIS )0/ 

JALObUN EVALUA11UNS 18 


GAMMA 


1 . 2658 


LNIHAIPY 5. 1 121 7EH)2 

(CAl / G> 

SI*. HLAT <CP> 4 10646E 01 

(CAl/Uv'DEC K) 


HEAT 10SS(QD0T/MDUI ) = 9.1509E0Z CAl/(G CM) 


CHEMICAL PROPERTIES 


SPECIES 

CONCEN f RA T I UN 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CUNSI 

111 1 Rt A(. IIOII CONV KA I E 

Nil KAIE/PUSl 


< MUt E3/CM»*3) 


RATE (Mill E/ CM **3/ SEC) 

NUMBER 

CGS UNITS 

(MOL E C M»»3'G» «?/Slt ) 

LIVE DIR RAIL 

0 

2. 00//4E-07 

2.751 14E-02 

-6. 77 7 OUt -03 

1 

1 . 0525E * 12 

5 094361*03 

0 0UU46 

1120 

1 . 127 6 3E-06 

1 81922E-01 

l . 27 46 7 E-02 

2 

4 . 569 7 E * 12 

7 50542L * 04 

0 00296 

OH 

2. 39442E-Q7 

3. 28JOOE-02 

8 . 54901E-03 

3 

1 .8551 E 1 1 3 

1 . 9 3Q22E * 0 5 

0 00269 

M 

5 . 98 04 8 E - 0 7 

8 . 19487E-02 

-3 43219E-02 

4 

4 . 4933E* 1 3 

1 . 1 1 542E t 0 5 

0 96560 

02 

2 . 324 1 6 E - 0 7 

3. I6473E02 

-7 25712E 03 

5 

3 . 9847 E * 1 3 

3 , 321 09T *04 

D 96 56 9 

H2 

4 56 522E - 0 7 

6 .66666E-02 

1 435I2E04 

6 

8 . UQUOE i 12 

7.951681*03 

0 96 56 8 

H02 

1 08467 E- 10 

1 .48656E- 05 

"4. 01910E-06 

7 

1.051IE»)9 

2 6 097 OF * 0 5 

0 96580 

H202 

3 80J8/E- 1 1 

5. 33566E-06 

" 3 . 7 96 36 E" 06 

8 

2 . 71 57t< 11 

- 6 62640E • 04 

0.98/8/ 

NO 

1 599 7 3E - 1 1 

2. 19206E-06 

9 . 07028E 06 

9 

4 40 ) St U2 

1 609261*03 

0 98/90 

IIU2 

1 . 35/82E- 15 

1 .86058E-10 

7 . 7729 3E- 10 

10 

1 .8000EU2 

1 541581 *00 

0 64/45 

II 

3. 32950E-15 

4 . 56232E-08 

1 . 19583E-07 

1 1 

7 8000E i ) l 

7 I 9 4 3 5 E * 0 2 

0 99959 

N2 

4 . 1 6 1 56 E 06 

5 . 7 024 7 E - 0 1 

-4 63857E-06 

12 

4 .70291 H2 

-4 844 38 E *04 

0.31501 

1120 

5 75396E-1 3 

7 8844SE-08 

3.6864VE-08 

13 

1 . 1 876E< 1 3 

1 .2 24/11*05 

0 00223 

HN02 

2. 12750E 1 5 

2.91 525E-10 

1 033G1E-09 

14 

1 8 320E * l 5 

3 656 391*05 

0.99174 

UNO 3 

3.23671 E~2G 

4.43791E-I5 

-6 22870E-14 

15 

5.6 249E* 04 

- 5. 7 7 4 9 2 E * 0 5 

0 949/2 

UNO 

2.6776SE-14 

3 66915E-09 

1 1 6 96 7 E* 06 

16 

3 2Q23E * 1 5 

1 1 1 1 561 * 0 5 

0 . 999/2 

(02 

1 . S9882E-D9 

2 . 19082E- 04 

0 . 00 0 0 U E * 00 

17 

7 . 577 7 1 ♦ 04 

-l 6 337 OE* 05 

1) 999/2 

AK 

4 46696E08 

6 . 6 0607E*- 0 3 

0 . OOOOOEtOO 

18 

1 88621*05 

-4.463511*0 2 

U 949/2 





19 

2. 32901 * 1 2 

1.11 3 391. U) 

0695)8 





20 

8 7 3481 * ) 2 

8 5/3421 02 

0 68/45 





21 

7 . 31271*1 5 

6 . 774661*00 

0 99/47 





22 

2. 48 56 Ft 14 

7 . 100251*00 

0 88/79 





23 

7 04 1 6 E * 08 

1 .364 57 1 * 01 

0 44151) 





24 

5.46501 * 06 

1.81 586 L * 02 

0 99996 





25 

2. 8246 Ft 09 

l 631521*02 

U , 99 348 





26 

1 . 1707C* 09 

-3 486021*01 

0 99444 





27 

1 . 7299E * 1 1 

7 5)3636 01 

0.94883 





28 

1 64) IE* n 

7,51231101 

1 . 00000 





29 

4 . 00 00 E * ) 2 

7.160141 06 

0 99927 





30 

2. 4650F* J 2 

3. 16 96 IE *01 

0 . 9 4 9 0 U 





31 

3 . 52 38 E * 1 0 

3 28787E 01 

0 94736 





32 

7 . 10/ IE*1 5 

"2.4680/E 06 

0 . 00562 





33 

8 2 568 E * I 5 

3. 6971 9 £-01 

0 040 52 





34 

5 OOOOE* 1 2 

3.169121*00 

0 49868 





35 

6 1 8 7 8ft) 5 

1 276621*01 

0 74566 





36 

3 600QEH 3 

9 . 1 3558E *00 

0 . 49888 

DLK1VAIIVES (CUS UII1IS). 

T 1 

l . 2/427 t * 02 K 110 

3.461221; 

-0/ V 

9 / 6 5 1 9 L * U 2 


MIX1UHE 

MULECUL AK ill IUHI 

21 . 76641 

101 At ENERGY EXCHANGE 

RATE 1, 

1 28 7 /E* 1 1 

MASS 1 RAC 11 Ull SUM 

] U0UUU051 




(CAL -CM**5/G**2/SEC) 





CQMPU1EK TIME (CPU) REQUIRED. PQR THIS SIEP - 4 . 500 00 0£ *0 1 S 


UP TO IMIS 1 1ME 


11000Ut*OU S 



TABLE D.2. — Continued, 
(b) Concluded. 


TIME 273051E05 SEC 


AREA 2.000006*01 SQ CM 


AXIAl POSJIIOH 1 . 2 1 ' J u 0 L < 0 1 LH 


FL DU PROPERTIES 

PRESSURE 

(ATM) 

VELQCI ir 
( CM/ SEC ) 

Dt MSI T Y 
(U/CM**3 > 
IfHPERATURE 
(0L0 K) 

HASS HOH RATE 
(G/SECT 
ENTROPY 
(CAL/C/DEO K> 
HACH NUMBER 

GAMMA 

Ell T HA l PY 
< CAL/G1 
SP HLAT (CP) 

( CAL /U/ DEG K > 


1 .57011 
4421 56 . 36 
1 6D109E-04 
2603 .Ul 
1 . 41 5866*05 
2.7965 
3.9384 
1 .2685 
5.47 365E ♦ 02 
A . 18231E-U1 


IN I LORA I I UN IIIDICAIUkS 
MtPS FROM LAST PRIlM 
AVERAGE SIEP 51ZL 
MtlHOD ORUt K 

TOTAL NUMBER Ul Sltl’S 
t UIICT tV At UAI IUIIS 
ACOfllAN LVALUAUUNS 


0 6 0 I fl 2 L * 00 
2 


HEAT LOSS! OOOT/MDOn 


L.lOflQE-OL CAL/(G-CM) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE. COtlS T 

tit I Kt ACT ION CUNV KAIL 

N1 r RATE 


< MOL ES/CM* * 1) 


RATE (MOL E/CM** 3/SEC) 

NUMBER 

CGS UN 11 5 

( MOL E ' CM* * 3/U* < 2' SLC ) 

UVE DIR 

0 

1 . 37495E-07 

1 92722EG2 

-3.20044E-05 

1 

2. 1 705EI 12 

-6 . 557866*03 

0 

H20 

1 46 8 39 E- 06 

2. 05888EQ1 

7 . 35 1 39E-03 

2 

8 . 721 IE* 12 

7 204256*03 

0 

OH 

2 87650E-07 

4. 03336E-02 

4 . 539086-04 

3 

3. 18 58 EH 3 

8 787506*04 

0 

H 

3. 51216E 07 

4. 92467E-02 

-9 . 334106-03 

4 

4 . t 860E* 1 3 

4 2196 3E ♦ 04 

0 

02 

1 . 78006E-07 

2.49596E-02 

2 . 37435E-03 

5 

4 . 1 449 E * 1 3 

1 . 4D180E < 04 

0 

M2 

4.6 26 79007 

6 .48751E 02 

-2 .91850E-03 

6 

8 . 1 0006*12 

5.663746*03 

0 

H02 

1 , 02125E-10 

1 .43198E05 

2.515586-06 

7 

1 . 1 96 3Et 14 

9 47669E* 1)4 

0 

HZ02 

1 250Z1E-1 l 

1 . 75301E-06 

5. 72723E-06 

8 

7.7 7376*11 

8 90 1 781 < 03 

0 

NO 

8 32965E 10 

1 . 16796E-04 

1 .271 79E-04 

9 

4,46496* 12 

5 668951*02 

0 

MU2 

1 , 1 5525E-1 3 

1 .61967E08 

1 . 75775E-08 

10 

1 . 8 ODOE * 1 2 

• l .409201*00 

0 

N 

J 50501 E- 1 2 

5. J353DE-07 

3. 73859E-07 

1 1 

7 .8 0006 * 1 1 

1 269 SUt* 0 2 

0 

M2 

4. 19S8QE-06 

5.38046E-01 

-6 . 390586-05 

12 

2 . I 266 F * 1 3 

-9 822436*03 

0 

HZO 

1 . 44988E-12 

2. 03299E-0? 

l .037626-07 

1 3 

1 . ! 1 036 * 1 3 

l 1 7 2 S 1 E * 0 5 

0 

HN02 

2 52785E14 

J. 54450E-09 

3 .44329E-09 

14 

1 . 76126* 1 5 

l 472/2E* 05 

0 

MJIO 3 

6 . 38880E-19 

8.95824E-14 

9 .638726-13 

} 5 

3 . 5 447E* 06 

- 1 56494E * 05 

0 

MHO 

3.51863E-13 

4 93374E- 08 

2 . 6 54 98 E - 03 

16 

2.4 46SE* l 5 

3. 384326*04 

0 

CU2 

1.61) J7E 09 

2.25942E-04 

0 000006*00 

17 

3 . 1 3 1 0 E 1 0 6 

-4 01419E* 04 

0 

AR 

5 . 00593E-08 

7 . Q19Z0E-03 

0 . 0 00 00 E * 00 

IB 

1.4 335ft 05 

-1 61 391E* 02 

0 





19 

2 . 7 3 56 C ■ 12 

1 .946146 *1)0 

D 





20 

B.4424EU2 

? 6901 56 * DO 

0 





21 

6 .5 36 0 E t 1 5 

2 018606 * 02 

0 





22 

2.6 536E t 14 

2 025411:102 

0 





23 

4.! 5 (156*09 

1 887246*02 

0 





24 

1 . 1 071Et 08 

2.4851/6*03 

0 





25 

2 . C 59 36* l 0 

-2 281866*03 

0 





26 

9 . 4 1 58E* 09 

4.436006*01 

0 





27 

5. 2 189E* 1 1 

1 601656) 00 

0 





28 

4.63726*11 

3.643356*00 

0 





29 

4 . C3Q0E+ 1 2 

6 . 52974E 05 

0 





30 

4,46936*12 

3 5067 3E * 01 

0 





31 

1 . 0422E* 1 1 

-2. 1 1 1 49E * 00 

0 





32 

6 . 1 1 876* 1 5 

3 . 76 0026 05 

0 





33 

7 70316*1 5 

2 . 245816*00 

0 





34 

5 00006*12 

2.241956*01 

0 





35 

6 . 04326*1 5 

1 . 556 74E * 0 2 

0 





36 

3.6000E*] 3 

1 322 1 9 E * 02 

0. 

DERIVATIVES (CCS UNITS). 

T 4 

.697276*01 RHO 

i .2504 56-07 V 

- 3. 398016*02 


MIXTURE 

MOLECULAR HEIGHT 

22.45008 

TOTAL ENERGY EXCHANGE 

RATE -4 

27131: *10 

MASS FKAC1 ION SUM 1 

00000020 




<CAL-CM**3/G**2/SEC ) 


COMPUTER TIME (CPU) REQUIRED. FUR THIS 

STEP - 1.80Q001E-01 S 

UP TO 

THIS IME - 

1 31 OOOOL*UO S 



< L SENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK KEQUI RtD FOR PROBLEM. 

TOTAL NO. OF STEPS - 82 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 128 

TOTAL NO. OF JACOBIAN EVALUATIONS - 21 

TOTAL CPU TIME - I . 310000 S 


TOTAL CPU TIME (INCLUDING I/O > REQUIRED 


5 . 1 1 o u a o s 


( L SENS ) 


READ DATA 


FOR NEXT CASE 


2PUSI - 
RAIL 
00038 

a Dim 
ooi n 
61722 
61765 
617 8 0 
61778 
8691 0 
86930 
.65805 
9 5UG4 
09524 
00150 

8 7 521 
95230 
95229 
95225 

9 522 7 
.25659 

58 56 8 
9 0 7 2 0 
98585 
906 6 6 
. 99829 
.90663 
.92113 
394 78 
99990 
9 5199 
39999 
90668 
0006 5 
009 37 
9 30 1 l 
31651 
91022 
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TABLE D.2. — Continued. 

(c) Case 3 

DISTANCE-AREA VERSION IEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA L EMI S RESEARCH CEMttK 


l SENS HYDROGEN - AIR TEST HUH HEAT TRANSFER 


FULL MECHANISM 


REACTION RA1E VARIABLES 


1*0 
1 *H 
1 AO 
1 *M 

1AQ 

] *H02 

1 AH 


1NH02 
1 MO 
1 * MO 
1 MN02 
1 UNO 
1*0 
UNO 
M 

) *0 

uo 

1 AN 

UN20 

UN02 

UOH 

1 *DH 

UHNO 

Ull 

UHNO 

UO 


1 MH2D 
1*02 
UH2 
1 *H02 
1 *H02 
UOH 
UH02 
UM02 
UH202 
2*H02 
UH202 
UH202 
UOH 
U02 
UH20 
UO 
UH2 
1*02 
UNO 
UN02 
UO 
UH 
UO 
UN2 
UH 
UN20 
1 AN20 
UN20 
UNO 2 
UH 
1«H2 
UN02 
UNO 
UH 
UNO 
UOH 
UM2Q2 


2*0H 

UOH 

UOH 

UH2 

UOH 

UH20 

2*0H 

UH202 

UH20 

UH202 

UOH 

2*0H 

UH20 

UH02 

UH 

1K0H 

2*H 

2*0 

UN02 

UNO 

UM02 

UNO 

UN 

UNO 

1 AN 

UN2 

UN2 

2*N0 

2*N0 

UN2 

UHN02 

UHNO 3 

UHN02 

UH2 

1 * H II 0 

UH20 

UOH 


UH 
1 *02 
1*02 
1 *02 

1*H 
UH02 
1 *02 
UHZQ 


UOH 
U02 
1*N 
UOH 
1*0 
1 *02 


6 aOUOQEU 5 
1 8900CE+14 
4.20000E+14 
7 . 2SOOOE * 1 3 
SO 0000 E * 1 5 
8 OOQOOE+12 
1 34000E+ 14 

7 91 000E+ 1 5 
6. lQOOQE+12 
2 . OOOOOE* 12 
7 . 80000C+ 1 I 
I . 440 00 E < 1 7 
4 740Q0E+13 
1 , 46 0 0 0 E ♦ 1 5 

I . 300 DOE + 1 5 
7.10000E+18 
2.20000E+14 
1 BOOODEt IS 
2 . 090 0 OEM 2 
1 . OOOODEU1 
5 . 6200 OE t | 5 

J . 47 0 0 0 E * 14 

3 60000E* 09 
1 .60000E+14 
2. 6300 DE +14 
6 92Q0DE+23 
1 . OOOODE+14 
6. 9200 OE +13 

4 .000006 + 12 
7 . S9000E + 1 3 
2.40000E + 13 
3 . OOOOOE + 1 S 
5 .600006* 1 5 
5 . OOOOOE + 1 2 
5 . 40000E+ 1 5 
3 . 60000E+ 1 3 
B . OOOOOE* 13 


ooooo 
0 . 0000 
0.0000 
0 0000 
0 0000 
o oooo 
0 0000 
0 0000 
0 0000 
0 . 0000 
0 . 0000 
o . oooo 
0.0000 
0.0000 
0 . oooo 
'1 .0000 
0 . oooo 
- 1 .0000 
0.0000 
0.0000 
o .oooo 
0.0000 
1 .0000 
0.0000 
o.oooo 
-2 . 5000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oodo 
0.0000 
0 . oooo 
0.0000 
O.OODO 
0.0000 
0 .0000 


ACTIVATION 
ENERGY 
16365 00 
16400 00 
13750 00 
2126 . 00 
1000 00 
0 00 
1070 00 
25000 00 

1430 oa 
0 00 
o . oa 

45510.00 
609# . 00 

- 1000.00 
105140.00 
0 .00 

96000.00 
11 E020 .00 

-477 .00 
596 . oa 
-1160. 00 
1470 00 
41370 00 

76250 . 00 

50410 . 00 
65000 00 
2# 020 . 00 
26630 00 

0 . 00 
15100 00 

29000 . 00 
-3800.00 
-1700,00 

0.00 
-600.00 
0.00 
looo .oo 


AIL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOL LOWING 


MI M2 
MI 02 
HIH2 
MI M2 
MI 02 


12) ■ 

14) • 

15) ■ 
17) * 
321 » 


2.30000 
1 . 30000 
4 . 00000 
4 . 10000 
0 .7 0000 


MI 02 
MI N2 
MI 02 
MI 02 
MIH2 


12 ) 

14) 

15) 
17) 
32) 


0.78000 
1 . 30000 
1 . 50000 
2.00000 
1 .40000 


MIH20 

MCH20 

MCH20 

MIH20 


12) * 600000 

14) ■ 21 . 30000 

15) ‘ 20 OOOOO 
17) - 15.00000 


MIH202 
MI M2 
MCH2 
MI 112 


12 ) 
14) 
1 5) 
17) 


6 .60000 

3. 00000 
1 . 50000 

2.00000 


** INITIAL CONDITIONS ** 


0 . OOOOOE* 00 SEC 


AREA 2 0000DE+03 59 CM 


AXIAL POSITION 0 UOQUULiOU CM 


FLOH PROPERTIES 

PRESSURE 
I ATM) 

VELOCI !Y 
(CM/SEC) 
DENSITY 
IG^CM**3) 
TEMPERATURE 
(DEG K) 

MASS f l OH RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG K > 
MACH NUMBER 

GAMMA 

EMIHAiPY 

(CAL/G) 

SP HEAT (CP) 
(CAL/G/DEO K ) 


0.9 56 00 
450950.60 
I 569B5E-04 
1559 00 
1 . 4158SE+05 
2 . 6/66 
5.0000 
i . 3) S 3 
4 . 5466 1 1 < 02 
3 . 91828E-0 l 


1 M I ECK A 1 1 UN 1 II D1C A I UR S 
SI CPS I RUM LAST PRitll 
AVERAGE STEP SUE 
MtrMOO ORDER 

TOTAL NUMBER OF SltPS 
FUNCT tVALUAl 1UMS 
JACOBIAN EVALUAI10IIS 


0 . OOOOOE* UO 


HEAT LQSSIQDOUMDQT) * 4.4Z55E-U2 CALZ(O-CM) 


CHEMICAL PROPERTIES 


H2 

H02 

11202 


N2 

N20 

HN02 

UNO 3 

HMD 

C02 

AR 


CONCENT RATION 
( MOL ES/'Ch** 3 ) 
0 . OOOOOE* 00 
0 OOOOOE • 00 

a ooooqe + oo 

0 oooooE+oa 

1 . 1 0 3 30 E -06 
2 . 20678 E-06 
0 . OOOOOE + OO 
0 OOOOOE+OO 
0 . OOOOOE+OO 
0 . OOOOOE + OO 
0 OOOOOE+OO 
4 . 1 1 2 3# E - 06 
0 OOOOOE+OO 
0 . OQOOGE + OO 
0 . OOOOOE + OO 

0 OOOOOE+OO 

1 . 5 7992E-09 
4 .90825E-0B 


M01E FRACTION 

0 . OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE i 00 

1 476 36E 01 
2.95295E-01 
0 . OOOOOE+OO 
0 . OOOOOE + OO 
0 . OOOOOE + OO 
0. OOODOE + OO 
0. OOOOOE + OO 
5. 50290E 01 
0. OOOOOE* 00 
0 . OOOOOE + OO 
0 ODOOOE+DO 
0 . OOOOOE + OO 
2. U414E-04 
6 . 56767E 03 


NET SPECIES PRODUCTION 
RATE IMOl E/'CM**3/SEC) 
6 . 70095E-13 
0. OOOOOE + OO 
0. OOOOOE+OO 
1 .0376 5E -05 
- 1 . 03756E-05 
-1 0 37 6 0 E - 05 
1 . 037 56E-05 
0 OOOOOE+OO 
0 OOOOOE+OO 
a . oooooE+oo 

0 . OOOOOE + OO 
-l 26952E13 

1 26952E-1 3 
0 . OOOOOE + OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 . OOOOOE + OO 


REACTION 

NUMBER 

1 


RATE CONST 
CCS UNITS 

1 .61 13E+I 1 
9 4932E+ l 1 
4 9624E+I2 
3 66 52E + 1 3 
3 6206E+13 
8 . 0000E+ 1 2 
9 4865E+I 3 
2.474/E + J 0 

3 B447E+12 

2 000DE+12 
7 8000E+1 1 
6 . 0049E + 1 0 

6 6210E+12 
2 0162E+15 
2 . 370JE + 00 

4 5542E+1 5 

7 6b62E + 00 

5 2937E02 
2.4 379E + 12 

8 2499E+ 12 
8 1724E+1S 
2 . 1 590E + 14 


NET ENERGY EXCHANGE RATE 
(CAL-CM**3/G**2/SEC) 

0 . OOOOOE + OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
2 21464E+07 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 . OOOOOE + OO 
0 OOOOOE+OO 
0, OOOOOE + OO 
D.OQOOOe+OO 
0 OOOOOE + 00 

0 .OOOOOE *00 

1 S9704E+03 
1 31 255E + DO 
0 OOOOOE + 00 
0 . OOOOOE* 00 
0. OOOOOE + OO 
0 . OOOOOE • 00 


NET KAIE/PQSI- 
TIVE DIR KATE 
0.00000 
000000 

0 OOOOO 

1 ooooo 
o ooooo 
o ooooo 
000000 
0 ooooo 
0 ooooo 
o ooooo 
0 ooooo 
0 ooooo 
o ooooo 
0 ODOUO 
o ooooo 

0 ooooo 

1 ooooo 
I ooooo 
0 ooooo 
o ooooo 
0 0(1000 
0 ooooo 


9 4003E+06 

3 682)1+03 
2 2552E+07 
5 5 7 0 7 E + 06 
1 1603E+I0 

1 2793E+I0 

4 OQOOE+12 

5 8001 E+ I 1 

2 0645E+09 
) 0229E+ 16 
9.6940E+ 15 
50Q00E+ l 2 

6 5540E+1 5 
3.6000E+ 13 
5. 7930E + 13 


0 UOOOOL « 1)0 
0 . OOOOOE* 00 
0 OOOOOE+OO 
0 OOOOOE+OO 
4 07252E 01 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE + OO 
0 OOOOOE+OO 
0 . OOOOOE + 00 
0 OOOOOE + 00 
0 OOOOOE+OO 
0 OOOOOE + 00 
0 OOOOOE ■ 00 


0 ooooo 
o ooooo 
0 ooooo 

0 ooooo 

1 . ooooo 
o ooooo 
000000 
o ooooo 
o oaooo 
0 . ooooo 
0.00000 
0.00000 
0 ooooo 
o ooooo 
0 ooooo 


DERIVATIVES (COS UNITS) I T -2.44900E-01 RHO -7 7U85E-10 V 

MIXTURE MOLECULAR HEIGHT 21.00656 TOT Al ENERGY EXCHANGE RATE 2.214/BE + 07 

ICAL-CM»*3/D»*2/5EC) 


2.2I6/2E+00 

MASS TRACI IDII SUM 1 OOOOUOUO 


CPU TIME FOR J 111 T 1 Al TEAT ION OF LSENS 


0.5800O0 S 
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TABLE D.2. — Continued, 
(c) Continued. 


11ML 1. 556/21: 05 SEC 


A H t A 2 . 0000 Ot > U 3 Sg CM 


AX I At PUS1I1UN 6 09600L'UU CM 


H UH PKOPtRI US 


INTEGRATION 1 HD I LA I UH j 


PRESSURE 
< ATM1 
VF I 0C1 I Y 
< CM/ S£C) 
DENSITY 
(C/CM««5) 
1EMPERATURE 
( Ut 0 K) 

MASS UOH RATE 
(C/SEC) 

EUt ROPY 
CCAL/G/DEG K > 
MACH NUMBER 


J .32895 
4A5612.90 
1 588656- U4 

2219 A A 
1 .415851*05 
2.7816 
A, 2686 


STEPS E KLIM IASI PRINT 
AVLMAGL SI LP SUL 
MtIMUD ON Ut R 


0 


25 

1 2 I 8 A L • 0 0 
5 


1UIAL NUMBER Of SUPS / b 
HJNC I tVAlUAlIUNS 1U9 
JACOBIAN EVALUATIONS 19 


GAMMA 


. 2858 


till MAI PY 5 . 1 1 4 1 At • 02 

(LAL/G) 

SP. HEAT <CP> A 10698E-D1 

(CAL/G/UEG K ) 


HLAT LUSSl OUOI/MUOT I * 9.U0AE 02 CAL/(G-CM) 


CHEMICAL PROPERTIES 


SPECIES 


0 

H20 

OH 

H 

02 
H2 
HO 2 
>1202 
HO 
N02 
>1 

112 
1120 
IIN02 
UNO J 
HHO 
CU2 
AR 


CONCENTRATION 
< MUL ES/CMa* 5 ) 
2 0D45OE-O7 

1 . 3282 0 E - 06 

2 59 7 8S E 0 7 
5 96769E-07 
2 32I45E 07 
4 .86645E-07 
l 1 1 5 1 2E - 1 0 
5 AAA19E 1 l 
1 .62578 E 1 1 

1 3 8 2 5 A E - 1 5 
3 . 37 749F* 1 5 
A . 16163E-06 
5 . 762A5E-1 3 

2 14/56E1 5 

3 25591 E- 20 
2 70663E-U 
1 59S85E 09 
A 96704E 08 


MOLE FRACTION 

2.747OQE0. 

1 B20I8E-01 
3 2S609E*Q2 
a 1 7821E-Q2 

3 181356*02 

6 66906E-02 
1 52544E05 
A . 7 1 997E-06 
2 . 226 0 OE 06 

1 89A38E-10 
A . 6 28 56 E - 0 8 

5 70317E-01 

7 69695E 08 
2.943056*10 

4 461956*15 
3.70921E-U9 

2 19109E0A 

6 B0691E-03 


NET SPECIES PRODUCTION 
RATE (M01E/CM«*3/SEC> 
-6 52579E-03 
1 .2836 1E-D2 

8 . 50641E-D3 
3 A8516E-02 

-7 408076*03 
3 . 39365E-0A 
*4.028416-06 
-9. 097836*07 
9 . 2193SE-D6 
6 . 9 35026*1 0 
) 203B6E-D7 
-4.71390E-06 
3 7A6T9E-06 
6 82683E-10 

9 58U66-15 
1 . 1 7877E-08 
0 OOOOOE * CO 
0 OLIOOOE* 00 


REACTION 

NUMBER 

1 

2 

3 


5 

6 

7 

8 
9 

10 
11 
12 
1 3 

1 A 

15 

16 

17 

18 

19 

20 
21 
22 
23 

2 A 


RITE CONST 
CSS UNITS 
l 0 5 7 1 E * 1 2 

♦ . 58 7 2 E * 1 2 
1 8 59 0 E * 1 3 

* A9 56 E * 1 3 
1 98 57 E * 1 3 
1 00006*12 
1 051 3Ei 1A 
? 7 3 1 6 E * I I 
; A103E* 1 2 
2 .00006 * 1 2 
r . 8 00 OE * 1 1 
< 755QE* 12 
; 1893EH 3 

1 , B5L6E * 1 5 
3 7642E*04 
5 . T990E* 1 5 
f 7 A 9 0 E » 0 A 
s 9 388 E * 0 5 

2 328 7 E* 12 

1 7 36 DE * 1 2 
> 31 08 6* 1 5 

2 466AE* 14 
7 1 1 7 0 E * 08 
5 58 3 3 E ♦ 06 


NET ENERGY EXCHANGE RATE 
< CAL-CM«»3/G«K2/5tC) 

A 258576*07 
1 AAA86E* 09 
3 3A580E * D8 

- 6 01256E t 09 
1 727 1 3E* 09 
5 , 526 A I E * 08 
9 Oft 1 5 1 E * 09 

- 7 . 75B99E * 08 
A 8A265E* 0/ 

A 61 206E * 0 A 
A 317AAE*07 
5 07344E* 09 

* 1 8/286E < 09 

* 1 .8/9971 i 10 
A A 6 3 7 9E * 1 0 
1 1 31 V6E ' 1 0 

* l . 6 9 2 1 ? E < 10 
5 293056*0/ 

-5.650886*02 
3.903096*05 
5 02902E * 05 
2. 100286*0 5 
A A (1001 E* 05 
1 . 388536*0/ 


lit 1 RA1E/P0SI 
TIVE DIR RAIE 
0 00023 
0 003A2 
0 0 0 2 A 9 
0 96601 
0 96609 
0 96609 
0 96621 
0 98 58 3 
0 98586 
0 58 31 3 
0 99952 
0 38919 
0 00227 
0 99 1 AO 
0 99971 
0 999/1 
0 999/ 1 
099971 
0.70169 
0 8 86 JA 
0 997 A? 
0 886/3 
0 993AA 
0 .99996 


25 2 8 5 7 9E ■ 0 9 

26 1 . 1 8 55E * 0 9 

27 1 7A12EU1 

28 1651 36* I 1 

29 i 00CDEH2 

30 : 47366*12 

31 3.5A63EHO 

32 ' 1 008E* 1 5 

33 12336E l 1 5 

3A 3 . 000 0 E t 1 2 

35 : 1 869 E * 1 5 

36 ! 6000E*13 

3/ ,37706*15 


8 02 322t * U6 

- 1 . 39982E *06 
-5.971886*06 

2 6 7 7 80 E * OA 
5 7 320 A E 05 

- 1 99D59E • 06 
8 3A023C*05 
1 8/9)26 D2 

- 1 78 7 1 3E* DA 

1 . 7 A 7 6 1 E * II 5 
*6 . 39A55E * 05 
-6 4 4 390E * 0 5 

2 950476*08 


0 993A2 
0 99 A 58 

0 9 A / 9 l 

1 0DO00 
099925 
0 9 A 8 09 
0 99/31 
0 00055 
0 03861 
0 99886 
0 7 A 38 9 
0 99886 
0 9858? 


01 R [ VA ) I Vt S (COS UNI IS > > 


1.282221*02 RHO 


3. 5 0 1 86 E 0 ' 


V 


*9 8 226 AL * 02 


Ml X I UH b HULLLULAK HEIGH! 21/7113 IUIAI ENERGY EXCHANGE RAIE *113,926*11 MASS FRAG I l UN SUM 1 00000051 

(CAL -CM»«3/G*»2/SEC) 


COMPUTER 1 I ME (CPU! KtQUIRt V ■ FOR THIS 5!tP 


A 900002E 01 S 


UP 10 111 S II ME 


iSOOOOL'OO S 


28 



TABLE D.2. — Continued, 
(c) Concluded. 


TIME 2 73JQ2E 05 sec 


AREA 2 . 0000 OE * 0 3 SO CM 


AXIAL POSITION 1.21 920t * 01 CM 


FLOW PROPER I 1 £S 


INI EGKAT 1 ON INDICATORS 


PRESSURE 

(ATM) 

VEIOCI IY 
(Ch'SEC) 
DENSITY 
(G/CM**3) 
TEMPERATURE 
(DEO X ) 

HASS MOM RATE 
(G/SEC) 
ENTROPY 
(CAL/G/OtG X > 
MACH NUMBER 


i .5/ia<* 
6621 3a .92 
l .60116E 0* 
2686 .65 
1 A) S85EM15 
2. 7966 
3 .936 3 


SUPS FROM LAST PRINT 
AVERAGE SfEP SUE 
METHOD ORDER 


0 6 6 0 S 2 L >00 


TUIAl NUMBER OP SUPS Bl 
f- tlllC r EVALUATIONS 129 
JACOBIAN EVAIUAIIUNS 22 


GAMMA 


I .268 3 


ENTHALPY b H/6mi02 

TCAL/Gl 

SP HEAT (CP) 6.182ME01 

(CAL/O^DtU X > 


MEAT L 0S5( 0D0T/MD0T ) * 1.1Q9AE Ql CAL/IQ-CM) 


CHEMICAL PROPERTIES 


N2 

N2U 

HN02 

HND3 

H NO 

C02 

AR 


CONCENTRATION 
(MOL ES/CM**3) 
1 . 36917E-07 

1 96965E-06 

2 87779E-07 
3.99652E-07 
1 . 77 562E 07 
6.62362E-07 
1 . 0 366 7E 10 
1 221 52 E -1 1 
8. R7280E-10 
] . 1810761 3 
3.aai02E-i2 
6.19 3966-06 

1 . A672/E-12 

2 . 5A416E-1 A 
6 .67257E-19 
3. 538116-13 
1 . 6 I 142E-09 
5. 006096-06 


MOLE FRACTION 

1 . 92016EU2 
2 . 06 I 08 E - U 1 
A 0S582E-Q2 
A . 90362E-02 

2 A90A6E02 
6 A8A00E- 02 
1 . AS386E-05 
1 . 7 ) 509E-06 
1 . 1 6825E-0A 

1 . 6 56 36 E - 08 
5 . AT A8QE-07 
5BB169E-01 
2. D57 7AE 07 

3 5708QE 09 
9.077316-16 
A 96195E-08 

2 2 5990 E OA 
7 . 02 068 E 0 5 


NET SPECIES PRODUCTION 
RATE (HOLE/CM* *3/3 EC) 
- J.09906E-03 
7 . 05653E-D3 
7 69777E-0A 
-9.71057E-Q3 
-2 A J68AE-D3 
-2. 57A15E-03 
1 . T917AE-06 
-T 2 59 96 E- 05 

1 29050E-DA 
2. 208 9 7 E- 06 
3.507396-07 

-i . 6813OE-05 
1 . 0 J62SE-D7 
6 .07927609 
5.57AA3E-13 

2 967596 08 
0 OOOOOEt 00 
0 . 0000 OE *00 


RA1E CONST 
CGS UNITS 
2. 18016* 12 
8 .75556*12 
3. 19636* 13 
6.88856*13 
A. 1A59EM 3 
8.00006*12 

1 .09666*19 
7 .31756*11 
6 . 666 5E* 1 2 

2 OOOOEU2 
7.6000E' 11 
2 6 576EH3 
1 .5125EH 3 

1 7608E* 15 
3 . 6 3 5 3E < 06 

2 6A29EU5 

3 AU86E 106 

1 . 6 / 8 3 E * 0 5 

2 285SE* 12 

1 9A36E* 12 
6 98 A OE * 1 5 

2 6 5A8E* 1A 
A 3996 E * 09 
1 . 1276E*06 


NET ENERGY EXCHANGE NATE 
(CAL -CM<»3/G**2'StC) 

-9 25500 Ei 07 
1 88803E i 08 
1 55573E i 08 
-2.2AA89EI09 
-7 . 19535E* 08 

- 5 88 96 9 E • 08 

- 3 . 25502E i 09 
-1 . 6 366 7 E > 08 
-l .879271*07 

5 D3511EM1A 
-8.37399EI06 
-6 A1A12E*08 

- I 621 57E* 09 

- 7.51 326 E * 09 
1 8 5008 E * 10 

-3.423776*09 
-A 1 32396*09 
1 . 9 0 1 76 E * 07 

- 9 . 9286 7E * 03 
-I . 2A722F * 05 
-1 . A 9 2A l E * 07 

5 . 9 595 JE ♦ 06 
6 . 05A06E * 06 
1 . 896 7 7 E *08 


NET RA I E/ POS1 - 
1 I VE DJR RATE 
0 00032 
0 00053 
0.00106 
0 61744 
061785 
0 61797 
0 61805 
0 86281 
0 86 300 
0.64158 
0 9476 7 
0 05763 
0 001 38 
0 67092 
095069 
0 95067 
0 95062 
095065 
0 26292 
0 461 53 
0 90 AZ l 
0.48181 
0 90 58 A 
0 99826 


2 0 8 AAE * 1 0 
9 5 3 3 IE* D9 
5 . 2541E* 1 1 
4.71726*11 
A 00006*12 
4.48566*12 
1 04956*11 
611 316*15 
7 49996*15 

5 00006*12 
6.04216*15 

3 60006*13 

6 6 3 3A6 ♦ 1 3 


- 1 1 20A I £ * 08 
1 . 7 7 3 ABE * 06 

-1 .265926*05 
-1 . 3096 1 E • 0 5 

- 5 . 2A6 AOE * 00 
•2 .1 74 3 AE * 06 
-5 3 I 7 3/E * OA 
-1 . 07625E* 00 
-1 . 17156r*05 
-1 22 A 2 7 E * 06 
-7 739076*04 
-9 . 2A 7 37E* 06 

6 A0678E* 07 


0 90579 
0 91923 
0 38892 
0 99990 
095118 
0 38924 
0 9 0 A 2 8 
0 00037 
0 00 A 50 
(I 9280 3 
0 31 36 3 
0 9281 3 
0 86293 


DERIVATIVES ( CGS UNITS)* 


A A6737E«0L RHO 


1.2212AE-07 V 


3. 37231E* 02 


MIXTURE MOLECULAR HEIGHT 22.45486 TOIA1 ENEROY EXCHANGE RATE -A.2A34AE*lfl 

(CAL -CN*«3/G*t*2/SEC) 


MASS F RAC I J UN SUM 1.01)000020 


COMPUILK TIME (CPU) REQUIRED- FOR THIS STEP - 1 . 5000 01 E - 0 1 S UP 10 THIS TIME 1 . 3*0(101 L « UU S 


( l SLITS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL HORX REQUIRED FOR PROBLEM* 


TOIAl MU. OF STEPS - 

TOTAL IIQ OF DERIVATIVE EVALUATIONS 

TOTAL HO. OF JACOBIAN EVALUATIONS - 

TOIAL CPU TIME - 


S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


2 500000 S 


( l SENS ) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued 
(d) Case 4. 


DISTANCE-PRESSURE VERSION LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM 

LSENS HYDROGEN - OXYGEN CASE WITH HEAT TRANSFER 


REACTION 

NUMBER 


REACTION 


1 

1*0 

+ 

1XH20 

a 

2*0H 

2 

1*H 

+ 

1*02 

= 

1*0H 

3 

1*0 

+ 

1 *H2 

3 

1*0H 

A 

1 *H 

+ 

1 *H02 

a 

1*H2 

5 

1*0 

+ 

1 *H02 

3 

1 *0H 

6 

1 *HQ2 

+ 

1 *0H 

= 

1*H20 

7 

1*H 

+ 

1 *H02 

= 

2*0H 

8 

1 *H2 

+ 

1 *H02 

x 

1*H202 

9 

1 *0H 

+ 

1*H202 

3 

1*H20 

10 



2*H02 

3 

1 *H202 

11 

1*H 

+ 

1 *H202 

= 

1*0H 

12 

M 

+ 

1 *H202 

5 

2 *0H 

13 

1 *H2 

+ 

1*0H 

= 

1 *H20 

1A 

1 *H 

+ 

1*02 

3 

1 *H02 

15 

M 

+ 

1 *H20 

3 

1 *H 

16 

1 *H 

+ 

1*0 

3 

1 *0H 

17 

M 

+ 

1 *H2 

S 

2*H 

18 

M 

+ 

1*02 

- 

2*0 


NASA LEWIS RESEARCH CENTER 
CA5E A 


REACTION RATE VARIABLES 
A N 


ACTIVATION 




6 . 80000E+13 

0 . 0000 

18365.00 

+ 

1*0 

1 .89000E+14 

0.0000 

16A00 .00 

+ 

I*H 

A . 20000E+1A 

0.0000 

13750.00 

+ 

1*02 

7 . 28000E+1 3 

0 . 0000 

2126 . 00 

+ 

1*02 

5. 00000 E+ 13 

0.0000 

1000 . 00 

+ 

1*02 

8. OOOOOE+12 

0.0000 

0 . 00 



1 .34000E+14 

0.0000 

1070.00 

+ 

1 *H 

7 . 91 OOOE+1 3 

0 . 0000 

25000 . 00 

+ 

1XH02 

6 . 1 0QOOE+I 2 

0.0000 

1A30 .00 

+ 

1*02 

1 .80000E+12 

0 . 0000 

0 . 00 

+ 

1*H20 

7 .80000E+1 1 

0.0000 

0.00 



1 . AAOOOE+ 17 

0.0000 

$5510 . 00 

+ 

1*H 

A.7A000E+13 

0.0000 

6098 . 00 

+ 

M 

1 .46000E+15 

0 . 0000 

-1000 . 00 

+ 

1 *0H 

1 .30000E+15 

0 . 0000 

1 051 AO . 00 

+ 

M 

7 . 10000E+18 

-1 . 0000 

0 . 00 



2. 20000E+1A 

0.0000 

96000.00 



1 .80000E+18 

-1.0000 

118020 .00 


ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


MCH2 

, 12) 

= Z 

.30000 

M( 02 

, 12) = 

0, 

.78000 

MCH20 

M( 02 

, 1A) 

= 1 

. 30Q00 

M(H2 

, 1A) = 

3, 

.00000 

M( H20 

M( 02 

, 15) 

= 1 

.50000 

M( H20 

, 15) = 

20 , 

. 00000 

Mt H2 

MCH20 

, 17) 

= 15. 

.00000 






12 ) = 
1 A ) = 
17) = 


6.00000 
21.30000 
A. 10000 


M( H202 
M(H2 
M( 02 


12) = 6.60000 
15) s A. 00000 
17) = 2.00000 


TIME 0 . OOOOOE+OO SEC 


FLOW PROPERTIES 


** INITIAL CONDITIONS ## 


AREA 2 . 1 52S0E+ DO SQ FT 


AXIAL POSITION 0. OOOOOE+OO FT 


PRESSURE 

1 . 05810E + 0A 

t LB/FT**2) 

VELOCITY 

1 .62598E+03 

(FT/SEC) 

DENSITY 

4.35122E-02 

( LB/FT**3) 

TEMPERATURE 

1890.00 

(DEG R) 

MASS FLOW RATE 1.52297E+02 

(LB/SEC) 

ENTROPY 

3 .68867 E+00 

( BTU/LB/DEG 

R) 

MACH NUMBER 

5.00000E-01 

GAMMA 

1 . 351 A8E+00 

ENTHALPY 

8.22027E+02 

(BTU/LB) 

SP. HEAT (CP) 

6 . 36196E-01 

(BTU/LB/DEG 

R) 

DOT/MDOT) = 

A . 8552E+0Q BTU/I 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 

TOTAL NUMBER OF STEPS 
FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 . OOOOOE + OO 
0 

0 

0 

0 


CHEMICAL PROPERTIES 


IPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


(M0LES/FT**3) 


RATE (M01E/FT**3/SEC) 

NUMBER 

CGS UNITS 

( MOL E - FT**3/LB**2/’5EC) 

TIVE DIR RATE 

0 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

6 . 5A229E-) 7 

1 

1 .0232E+10 

0 . OOOOOE+OO 

0.00000 

H20 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

2 

7 . 2933E+ 1 0 

0 . OOOOOE+OO 

0.00000 

OH 

0 . OOOOOE+OQ 

0. OOOOOE+OO 

0. OOOOOE+OO 

3 

5 . 7715E+11 

0 . OOOOOE+OO 

0 . 00000 

H 

0 , OOOOOE+OO 

0 . OOOOOE+OO 

3 . 55695E-05 

A 

2 . 628 0 E+ 1 3 

-1 .87869E-02 

1 .00000 

02 

1 .20765E-03 

3. 33333E-01 

-3.55695E-05 

5 

3 . 0962E+ 1 3 

0 . OOOOOE+OO 

0 . 00000 

H2 

2 . A 1 531 E-0 5 

6 .66667E-01 

-3 . 556 95E-0 5 

6 

8. 0000 E+ 12 

0 . OOOOOE+OO 

0 . 00000 

H02 

0. OOOOOE + OO 

0 . OOOOOE+OO 

3, 55695E-05 

7 

8 . 02A0E+1 3 

0 . OOOOOE+OO 

0 . 0 0000 

H202 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

8 

A . 9501 E+08 

0 .OOOOOE+OO 

0 .00000 





9 

3.0739E+12 

0 .OOOOOE+OO 

0 . 00000 





10 

1 . 8 OOQE+l 2 

0 . OOOOOE+OO 

0 . 00000 





11 

7 . 8 0 0 0 E+ 11 

0 . OOOOOE+OQ 

0 . 00000 





12 

A . 8505E+07 

0 . OOOOOE+OO 

0 . 00000 





13 

2 . 5A99E+ 1 2 

0 .OOOOOE+OO 

0 .00000 





1A 

2.3577E+15 

0 .OOOOOE+OO 

0 .00000 





15 

1 .6976E-07 

0 .OOOOOE + OO 

0 . 00000 





16 

6 . 7619E+15 

0 .OOOOOE+OO 

0 . 00000 





17 

2.29A7E-06 

5.77599E-10 

1 .00000 





18 

A . 6675E-1 0 

1 .72773E-1A 

1.00000 

DERIVATIVES (FPS UNITS)* 

T 2, 

. 22574E+01 RHO 

2.140Q9E 

03 V 

-2.93352E+02 


MIXTURE 

MOLECULAR HEIGHT 

12.01013 

TOTAL ENERGY EXCHANGE 

RATE 1. 

' 7867 E+ 0 3 

MASS FRACTION SUM I 

.00000000 


(BTU-FT**3/LB**2/SEC> 

CPU TIME FOR INITIALIZATION OF LSENS = 0.900000 S 
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TABLE D.2. — Continued, 
(d) Continued. 


TIME 2 . 081 Q9E-09 SEC AREA 2.25905E+00 SQ FT 


AXIAL POSITION 3.28100E-01 FT 


FLOW PROPERTIES 


PRESSURE 

1 .07926E+04 

(LB/FTXX2) 

VELOCITY 

1 .52749E+03 

(FT/SEC) 

DENSITY 

9.91395E-02 

(LB/FTXX3) 

TEMPERATURE 

1900.90 

(DEG R) 

MASS FLOW RATE 

1 -52297E+02 

(LB/SEC) 

ENTROPY 

3.68915E+00 

(BTU^LB/DEG R) 
MACH NUMBER 

9.68508E-01 

GAMMA 

1 . 351 01 E+00 

ENTHALPY 

8 . 26637E+02 

(BTU/LB) 

SP. HEAT (CP) 

6 . 36669E-01 


(BTU/LB/DEG R) 

HEAT LOSSCODOT/MDOT) = 9.8839E+00 BTU/CLB-FT) 


INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 101 

AVERAGE STEP SIZE 0.99075E-01 

METHOD ORDER 2 

TOTAL NUMBER OF STEPS 101 

FUNCT EVALUATIONS 129 

JACOBIAN EVALUATIONS 17 


CHEMICAL PROPERTIES 


0 

H20 

OH 

H 

02 

H2 

H02 

H202 


CONCENTRATION 
(MOLES/ FT**3) 
2 . 35957 E-l 0 
7.32071 E-07 
1 .93035E-10 
3 . 74299 E- 09 
1 .22390E-03 
2.49879E-03 
3.86999E-07 
9 . 05A18E-O7 


MOLE FRACTION 

6 .42196E-08 
1 .99245E-04 
5.25377E-0B 
1 . 01858E-06 
3.33105E-01 
6.66979E-01 
1 .05327E-09 
1.10341E-09 


DERIVATIVES (FPS UNITS) i T 
MIXTURE MOLECULAR WEIGHT 


'ECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/PCSI- 

(MOLE/FTXX3/SEC) 

NUMBER 

COS UNITS 

(M0LE-FT**3/LBX*2/$EC) 

TIVE DIR RATE 

9.86527E-06 

I 

1 . 0762E+10 

1 .92399E-05 

0 . 93166 

1 . 966 57E-02 

2 

7.6296E+10 

2.87317E+00 

1 .00000 

9 . 78803E-06 

3 

5 . 9938E+11 

2.897 39E+00 

1.00000 

7 . 72885E-05 

9 

2 . 6939E+1 3 

2.92939E-01 

0 . 93068 

-2 . 54053E-02 

5 

3 . 1097E+1 3 

2 . 3308 3E-02 

1 . OOOOO 

-3 . 22992E-02 

6 

8 . 0 OOOE+1 2 

9 . 9 139 1 E-0 3 

1 . OOOOO 

5.95029E-03 

7 

8 . 0977E+13 

9.58268E-01 

1 . 00000 

9 . 6 1734E-03 

8 

5.3022E+08 

3 . 99675E+0 0 

0.95538 


9 

3 . 0860E+12 

1 .98968E-03 

0 .99955 


10 

1 .8000E+12 

2 . 20997 E+00 

0.99691 


11 

7 . 800QE+1 1 

9 . 72995E-03 

1.00000 


12 

5 . 9969E+07 

1 . 20822E+00 

1.00000 


13 

2 . 593GE+1 2 

1 . 00771 E+Ql 

0.99998 


19 

2.3513E+15 

1 .26972E+01 

0 .99989 


15 

2 . 2669E-07 

-7.21735E-05 

1 .00000 


16 

6 . 7231 E+l 5 

2.87269E-06 

1.00000 


17 

2.9877E-06 

-6.8619QE-05 

0.99999 


18 

6 .9193E-10 

-2 . 93699E-09 

0.99999 


8 . 93709E+01 


8 . 5A923E~0 < i 


TOTAL ENERGY EXCHANGE RATE 
(BTU-FT**3/LB*K2/SEC) 


-1 . 33268E+06 


-3 . 07830E+02 
MASS FRACTION SUM 


1 .00000000 


COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP - 6.099997E-0I S 


UP TO THIS TIME - 6.099997E-01 S 
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TABLE D.2.— Continued, 
(d) Concluded. 


TIME 3.38532E-04 SEC 


FLOW PROPERTIES 


AREA 2 . 57 048E+00 SQ FT 


AXIAL POSITION 5.23319E-01 FT 


INTEGRATION INDICATORS 


PRESSURE 

1 . Q9185E+Q4 

STEPS FROM LAST PRINT 

81 

( LB/ FT **2 ) 
VELOCITY 

1 .4657IE+03 

AVERAGE STEP SIZE 

0.I1319E 

(FT/SEC) 

DENSITY 

4.04266E-02 

METHOD ORDER 

4 

<LB/FT**3) 




TEMPERATURE 
(DEG R) 

MASS FLOW RATE 

2117.59 



1 .52297E+02 

TOTAL NUMBER OF STEPS 

241 

(LB/SEC) 

ENTROPY 

3 . 75331 E+00 

FUNCT EVALUATIONS 

324 

(BTU/LB/DEG R) 
MACH NUMBER 

4.29328E-01 

JACOBIAN EVALUATIONS 

34 

GAMMA 

1 .341Q9E+Q0 



ENTHALPY 

8 . 29365E+02 



(BTU/LB) 

SP. HEAT (CP) 

6 . 4487 9E-0 1 




(BTU/LB/DEG R) 


HEAT LOS5(QDOT/MDOT) 


5.4439E+00 BTUZ(LB-FT) 

CHEMICAL PROPERTIES 


SPECI ES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


( MOLES/ FT**3 ) 


RATE (MOL E/ FT #*3/ SEC) 

NUMBER 

CGS UNITS 

(MOLE - FT **3/ LB** 2/ SEC) 

TIVE DIR RATE 

o 

1 .50296E-07 

4 . 50428E-Q5 

2.78407E-01 

1 

2 . 6351E+1 0 

-4.2I688E-01 

0 . 16951 

H20 

5 . 32254E-05 

1 . 59514E-02 

3.254I4E+0I 

2 

1 . 6974E+1 1 

4. 09029E+03 

0 . 99887 

OH 

2 -64514E-07 

7 . 927 32E-05 

4.90561 E — 0 1 

3 

1 . 1719E+12 

3. 76604E+03 

0 . 99818 

H 

2 . 25878E- 06 

6 . 76943E-04 

4. 09676 E+00 

4 

2 9321E+13 

2.07131E+03 

0.99985 

02 

I . 0897 OE - 03 

3.26576E-0I 

-1 . 55385E+0 1 

5 

3 . 2599E+I 3 

1 53250E+02 

1 . 00000 

H2 

2. 18564E-03 

6 . 55024 E-Q 1 

-3 . 56171E+01 

6 

8.0000E+12 

6 . 61902E+0I 

1 . 00000 

H02 

3 . 19142E-06 

9 . 56450E-04 

2. 02588E-01 

7 

8 , 4787 E + l 3 

5 . 99043E+03 

1.00000 

H202 

2 . 3Q550E-06 

6 . 90946E-04 

-1.31 927 E+00 

8 

1 .7942E+09 

-8 , 56699E+02 

0.87476 





9 

3 3088E+12 

1 . 977 33E+01 

0 . 99981 





1 0 

I 8000E+12 

1 79476E+02 

0 . 99884 





11 

7 S000E+11 

3.9811 3E+01 

1 .00000 





12 

5 0566E+08 

7 . 04241E+01 

0.99132 





13 

3 4909E+12 

1 . 97 50 5E + 04 

0.99849 





14 

2 2394E+ 1 5 

7 . 8876 2E + 03 

0 . 99997 





15 

3 8180E-05 

-3.46610E+01 

1 .00000 





16 

6 0352E+15 

1 . 07527E+00 

1 . 00000 





17 

3 223IE-04 

-1 . 89787 E+ 01 

1 .00000 





18 

1 8I91E-Q7 

-9 . 268 97 E" 04 

1 .00000 

DERIVATIVES (FPS UNITS). 

T 

7.77921E+04 RHO 

-1.37638E+00 V 

-3 . 50268E+ 02 


MIXTURE 

MOLECULAR WEIGH) 

12.11563 

TOTAL ENERGY EXCHANGE 

RATE -1 

.765 -.2E+09 

MASS FRACTION SUM 

i . 00000001 




< 8TU-FT**3/LB**2/SEC) 





COMPUTER TIME (CPU) REQUIRED : FOR THIS STEP - 5 . 1 00002E-01 S 


UP TO THIS TIME - 1 . 490000E+00 S 


CLSENS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 

TOTAL NO. OF STEPS - 241 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 324 

TOTAL NO. OF JACOBIAN EVALUATIONS - 34 

TOTAL CPU TIME - 1.490003 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 2.640000 S 


( LSENS) READ DATA FOR NEXT CASE 
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TIME- PKEi» jUKE VLRSIUII 


TABLE D.2. — Continued. 

(e) Case 5 

LLH1S liEMSITlVITY AMD GtlltR A1 KINETICS 1 ' KOL.KAH 


NASA (till 5 K fit ARCH CtHltK 


KtAtllOH 

NUMBER 


IStfIS CH9 02 - (12 NtCH . bATCH K XN. 
REACT Kill 


91 

92 

93 
9 A 
95 
9 A 
9 7 

98 

99 
1 00 
1DL 
102 
103 
1 09 

105 

106 

107 

108 

109 

110 


l a H 
1*CM9 
I AG 
1 *0H 
1 ACII3 


UOH 

l »h 

M 

1 aM2 

1 mm 
H 
1 *M 
H 
M 

1»CH 

UCII 

1 *u 

UGH 
1 *CN 
l *CN 
l * H2 
1 MIIICU 
l*Ul 
UCII 
1 *0 


1 *CH9 
1*CH9 
1 *02 
1 *019 
1 *019 
1*02 


7 

1 *CH3 

i 

1 *011 

* 

8 

M 

4 

t *C 11 50 

z 

9 

10 

1 *11 

♦ 

2*CH3 
1 *C2H6 

m 

1 1 

1*0 

4 

1 *02116 

Z 

12 

1 *0H 

| 

1*02116 

4 

13 

M 

4 

1 *02115 

3 

19 

1 *C2H 5 


1*02 

z 

15 

1 *11 

+ 

1 *02115 

z 

16 

1 *CH3 

+ 

1 *CH2 

z 

17 

1*11 

1 

1*C2H9 

z 

18 

M 

4 

1 *C2H9 

z 

19 

UC2H9 

4 

1 *0H 

z 

20 

1 *C2H9 

t 

t *011 

- 

21 

1 *C2H9 

♦ 

1*0 

- 

22 

1*02119 

♦ 

1*0 

£ 

23 

H 

4 

UC2H3 

3 

29 

1 *C2HS 

4 

1*02 

s 

25 

1*02113 

♦ 

1 *H 

- 

26 

1 *C2H3 

4 

1*0 

- 

27 

1 *C 2H 5 

4 

1 *0M 

£ 

28 

1 *0211 3 

4 

1 *0112 

Z 

29 

1*02113 

4 

1*C2H 

z 

30 

H 

4 

1 *02112 

8 

31 

1 *C2H2 

4 

1*0 

£ 

32 

1 *C2M2 

1 

1*0 

£ 

33 

1 *02112 

4 

1 *0H 

£ 

39 

1 *C2H2 

+ 

1 AOH 

£ 

35 

l *0211 

♦ 

1*02 

£ 

36 

1 *0211 

+ 

1 *0H 

£ 

37 

1 * C 2 HO 

4 

1*02 

£ 

38 

l *C2im 

4 

1*0 

£ 

39 

1 *02110 

) 

1 *011 

£ 

90 

1 *02110 

4 

1 AH 

£ 

91 

1 *C2Hfl 

4 

1 *CH2 

£ 

92 

1 * C 21(0 

4 

1*CH2 

£ 

93 

99 

1 *021120 

f 

2*C2HO 

1*011 

: 

9 5 

1*021120 

I 

1 *011 
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CCAL/0/I)EO K ) 

MACH NUMBER OUOUO 

GAMMA 1.228b 


LMIMAII’Y 3 . 1 S 1 26 £ t 02 

( C A I /U) 

SP. HEAT <CP) A . 01 t)86£'Ul 

(CAL/G/DLG K ) 


I M I I.GKA 1 I UN INU1CA1 UK5 
SI LPb 1 ROM l AST PR I M I 
AVtKAut SI tP 51 2t 
Ml ) NOD UR Ml R 


0 

0 UOUUOL I 00 

u 


10IAL NUMBER UP SIEPS 0 
FUUCT LVAIUAI10NS 0 
JACOB I AN L V Al UAI IONS 0 


MEAT LOSS! 9U01/T0mAS ) - 3.36U6EtD2 CAL/(G-SEC) 


CHEMICAL PKHPLkl ILS 


CUMCE M i R A I 1011 
(nULt'S'CH***) 

MOL t fRACTlUII 

ML I SPtCILS PKODUCl ION 
KAIE (MOL C/CMtt* 3/SEC) 

2. 7 l 255E 06 

1 . 7 2500 E - 0 1 

-1 . 07574E-05 

0 OOOOOEt 00 

0. OOOOOEtOO 

1 07574E05 

0 . OOOOOEt 00 

0. DOOOOEtOO 

3 4 57 9 5 E - 06 

0 . oooooctoo 

0 OOODOEtOO 

9 B9090E-0? 

2.71255E06 

1 . 72500E-01 

2 40723E 02 

0 . OOOOOEtOO 

0 OOODOEtOO 

7 . 42 3 0 5E 06 

0 00 IK) 01* OU 

0 OOOOOL tOO 

2 4 0649 E 02 

0 OOIMIOL t 00 

0. OOOOOf * OU 

0 OOOOOEtOO 

0 OOOOOf t 00 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOEt 00 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0 OOUDOE >00 

0 . OOOOOEtOO 

8 76480E-04 

0 . OOODOE t 00 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOf * 00 

0 ODOOOft 00 

0 000006*00 

0 oooooctoo 

0 OOOOOEtOO 

0 OOOOOEt DO 

1 . 57249E 10 

1. OOOOOf -05 

8 787G5E 04 

0 OOOOOf 1 00 

0 . OOOOOEtOO 

1 25656E 07 

0 . OOOOOEt 00 

0 OOOOOEtOO 

9 8909QE-07 

0 OOOODEtOO 

0 OOOOOEtOO 

1 .2796 4E -02 

0 OOOOOf > DO 

0 OOOOOEtOO 

0 OOOOOEtOO 

0 OOOOOf 1 00 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEt 00 

0 DOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOEt 00 

0 . DOOOOEtOO 

0 OOOOOEtOO 

4 . 7 1 / 4 7 E - 1 0 

3 . 00 0 00 E - 0 5 

-1 .2/ 974E-02 

a . oooooctoo 

0. OOOOOEtOO 

0 OOOOOEtOO 

o . oooooctoo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

1 . 02986 E * 0 5 

6 . 54920E-01 

-1 . 017 J9E-06 

0 . QOOOOEtOO 

0 . OOOOOEtOO 

1 . 0 1 7 39 E - 06 

1 . 57249E-1Q 

1 . OOGOOE-Q5 

-5.25625E 04 

l . 57 2A9E-LD 

1 . OOODOE-05 

-9 86541E-03 

0. DOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEt 00 

0 . OOOOOEtOO 

9 86541E-03 

0 . OOOOOEt 00 

0 OOOOOEtOO 

0 . OOOOOEt 00 

0 .oooooctoo 

0 OOOOOEtOO 

5 26643E-04 

0 .OOOOOEtOO 

0 OOOOOEtOO 

o oooooctoo 

0 OOOOOf > 00 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOEt 00 

0 . OOOOOEtOO 

6 . 3674QE-1 3 

o .oooooctoo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEt 00 

0 OOOOOEtOO 

0. OOOOOEtOO 

0. OOOOOE+OD 

0. OOOOOEtOO 

0. OOOOOEtOO 


KtACI ION 

RALE CUN51 

lit! Rt AC 1 ION CUNV RAH. 

ML 1 RA 1 l/POSl - 

NUMBER 

CGS UNI1S 

(MIH E -CM" * 3/0* *2/ SIX > 

riVL DIR RAIL 

1 

7 8170EI 04 

] 9 0 08 1 L t 01 

1 00000 

2 

2 .6453Ci 12 

0 . OOOOOEt DO 

0 OOOOD 

3 

1 . 00S9Et 06 

4 23169ft 01 

1 .00000 

4 

4 2 290ft ] 2 

0 . OOOOOL t 00 

0 00000 

5 

4 9 1 5 11 t 1 2 

0. OOOOOEtOO 

o onoon 

6 

2 1 6 9 4 E t 09 

o ooooai t on 

0 OUDOII 

7 

6 30001 t ] 2 

0 OOUOOI HID 

a ofloou 

8 

5 4 6 9 8 L t ] 0 

0 . OOOOOEt oil 

Q 0 0 01)0 

9 

1 . 2 7 0 8 L‘ 1 3 

0 . 0 0 U 0 0 1 t 0 0 

u oooua 

10 

5.6608ft ] 2 

0 . OOOOOEtOO 

0 UUDOO 

11 

883551 t 12 

0 OOUDOl t 0 0 

0 . 0000(1 

12 

2 7 746ft 13 

u doooue: too 

0 . 00000 

13 

4 . 256QL t 1 2 

o u u(i o o r t ou 

0 . 00000 

14 

3 . 9 4 4 9 E t 1 1 

0 00UIIUE too 

0 . 00000 

15 

4 8 0 0 0 1 : t l 3 

0 OOOOOL t ou 

0 000 00 

16 

2 00001' t 1 3 

0 . 000001 too 

0 1)001)0 

17 

5. 4688ft 12 

0 001 ) out tou 

0 00000 

18 

1 7 1 27 £ » 06 

0 . OOOOOL t 00 

0 0001)0 

19 

5.21971*12 

0 . OOOOOf 1 00 

0 01)0 00 

20 

1 4644U 12 

0 . OOUUDL 1 0(1 

0.00000 

21 

2 2866 E i 1 2 

o aoontw too 

0 00000 

22 

4 9 3 1 1 E < 1 2 

0 OOOOOf l 00 

0 00000 

23 

9 . 2284E HO 

0 . OUOUDE t GO 

0 uoouo 

24 

4 3)651 ■ 12 

0 . ODOOIM I DO 

0 ououo 

25 

6 OOOOL i 12 

U OOOOOL > 00 

0 000(10 

26 

3 . 3000E * 1 3 

0 . OOOOOf > 00 

0 00000 

27 

5 OQOOE t )2 

a.ouoooftoo 

000000 

28 

3 OOOOL t ) 3 

0 . OOOOOEtOO 

0 ooouu 

29 

3 0000ft ] 3 

U . OQOOOt too 

000000 

30 

3.437?Et01 

0 . OOOOOL t 01) 

0 oooou 

31 

6 4 5 1 1 C 1 1 2 

O.OOOOflftOO 

0 . 00000 

32 

1 2 56 0 1 ♦ l 3 

0. OOOOOL too 

0 uoouo 

35 

6 . 4 9 1 4 1 1 L | 

0. OOOOOEtOO 

0 . 00000 

34 

2.9988ft H 

0. OOOOOL too 

0 . OOUOQ 

35 

3. 07231: *13 

0 OOOOOL • 00 

0 . oooou 

36 

2. 0000ft 1 3 

0 UOOUOE 1 00 

0 ooooo 

37 

6 . 4842T t 1 L 

o .ooooor mo 

0 . ooooo 

38 

1 . 2020L ■ 12 

0 OOOOOf I 00 

0 uoouo 

39 

1 . OOOOE 1 1 3 

0 . OOOOOE t DO 

0 ODOUI) 

40 

500001*13 

0 . OOOOOf l 00 

0 oooou 

41 

3 . OOOOE t ) 3 

A . OODOOC t 00 

000000 

42 

5 2240EH2 

0 . OOOOOL * 00 

0 ooooo 

43 

1 . OOOOE * 1 3 

0. OOOOOEtOO 

0 ooooo 

44 

2 .>000013 

0. OOOOOEtOO 

0 . ooooo 

45 

2.8318ft | 2 

0 DOOOOEtOO 

0 . oonoo 

46 

371311*12 

0 . OOOOOL too 

0 ooooo 

47 

5. 58551 * 1 7 

0 UOOOOl t ou 

0 ooooo 

68 

3.72S7C t 1 2 

0 . OOUOOI t ou 

0 ooooo 

49 

2 . QOUOf t 1 3 

D . OOOOOL i 00 

0 00(10 0 

50 

6 .93491 t07 

0 . 0 DOIIOC l 00 

0 . ooooo 

51 

5. OOOOE t 1 3 

0 OOOOOL > 00 

0 ooooo 

52 

9 75061 i 1 1 

U OOOOOf I 00 

0 00000 

53 

2 OOOOE t 1 3 

0 .OOOOOL 1 00 

d (ioo no 

54 

1 .89661 t05 

0 OOOOOf 1 IJO 

0 OOOUD 

55 

2.0 320ft )3 

0 OOOOOL t 00 

0 ooooo 

56 

6 84461 t L 2 

0 . 0000(11 t (JO 

u ooooo 

57 

1 . 1 2 3 5 1 1 ] 3 

0 . OOOOOf l 00 

0 ooooo 

58 

5.6126ft 10 

0 0 ( 10001 : too 

a oooou 

59 

1 181 Lf t I 3 

0 00(1001 • 00 

o ooooo 

60 

2 . OOOOC t 1 3 

0 OOOOOL too 

0 ooooo 

61 

2 . 3684ft 03 

0 OOOOOL too 

0 ooooo 

62 

8 .8143009 

o . oooool. t ua 

0 ooooo 

63 

6 .6 755t t 09 

0 . OOOOOL too 

0 0001)0 

64 

8 81431 t 09 

0 ODOOIM I 00 

0 000 00 

65 

3 7 00 Of 1 1 2 

0 OOOOOf ■ 00 

0 oooou 

66 

1 OOOOE i 1 3 

7 2 948 7 E i 04 

1 ooooo 

67 

2 05481 i 12 

4 996 59L i 0 3 

1 oooou 

68 

787891 <09 

U OOOOOf 1 00 

0 ooooo 

69 

2 89891 t 1 2 

o oooooF t no 

0 ooooo 

70 

1 (19051 t ) 5 

0 OOUOOI too 

0 oooou 

71 

5 00001 t L 2 

/ 048191 01 

l . oudoii 

72 

4 00001 t I 3 

5. 6 38 551 too 

1 . OUDOII 

7 3 

5 OOOOL * 1 3 

0 OOOOOEtOO 

0 ooooo 

74 

3 000(11 * l 3 

i) ounouf too 

o ooonn 

75 

i OOOOL t 1 3 

U UOOUOE t (10 

0 null (1(1 

76 

2 OOUOI ' 1 3 

o utimnii t on 

o oooou 

77 

1 84941 t 1 2 

i) . OUU 0 Of t 00 

0 . uooou 

78 

6 . 340 51 t ! 4 

o . oooool t no 

0 ooooo 

79 

4 7 1 691 ' 05 

f) 00(111 III t (HI 

0 (Hi 000 

8 0 

3 1)1401*11 

LI AUUAOI t IJO 

0 ououo 

81 

3 . 36 1 6 f 1 1 0 

El AUllAOf t II U 

n . oiiULiu 

B2 

1 7500ft I I 

0 . C 0 !J 0 0 1 tou 

0 . Oil A II 0 
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63 

9.205' EMI 

0 UOOOOE * 00 

0. 00000 

6 A 

4 856, EM2 

0 . UOOOOE* 00 

0 . 00000 

85 

3 650* EH 3 

o oooooi *oo 

0 . 00000 

86 

3 6 1 5‘ E • 1 5 

0 000 DOE * 00 

0 00000 

87 

8 DOOM U2 

D . 0 00 DOE i 00 

0 . 00000 

86 

9.467SEM3 

0 OOODOE *00 

0 00000 

89 

2. 561 SE MO 

0 . OOOOOEtOQ 

0 . 00000 

90 

5 6 JAM M 2 

0 OOOOOE * 00 

0.00000 

91 

1 . 800UEM2 

D OOODOE * 00 

0 0 00 DO 

92 

7 800I1EM1 

0 . OOOOOE * 00 

0 00000 

93 

5 513'iEMO 

0 . OOOOOE * 00 

0 0 00 DO 

9 A 

6 . 545HEM2 

0 . OOOOOE *00 

D . 0 00 00 

95 

2 OZONE M 5 

D OOOOOCtOU 

0 0 00 DO 

96 

1 . 9 4 6 > E * 0 0 

D OOOOOE * 00 

0 . 00000 

97 

A . 58 06 E M 5 

0 OOOOOEiOO 

0 00000 

96 

6 . AO SHE* 00 

0 OOOOOEIOO 

0 00000 

99 

2 . 6 55'tE * 02 

6 . A570AE 06 

1 . 00000 

100 

2 . 09 4 ; £ * 08 

5 . 7 9989E ♦ 00 

1 . OOQOO 

101 

1.07 56EM3 

0 OOOOOEiOO 

0 0 00 DO 

102 

6 . 56 56E* 1 0 

0 OOOOOEiOO 

0 . 000 DO 

103 

1 . 6 l It E M 1 

0. OOOOOEiOO 

0 00000 

1 0 A 

1 . 200HE M 3 

0 . OOOOOE i OD 

0 00000 

105 

3. 56AHE* 1 3 

0 OOOOOEiOO 

0 00000 

106 

5. 38 2, E* 12 

0 OOOOOE * 00 

0 00000 

107 

6 . 331 MM 2 

0 . OOOOOEiOO 

0 00000 

106 

2 . 31 2**E M 3 

5 . 62402E* 04 

1 00000 

109 

5. 7Q0OEM2 

0 OOOOOE* 00 

0 00000 

no 

2 . 000NL « I I 

0. OOOOOEiOO 

0 . uoaoo 

111 

1 . OOOUE* 13 

0 . OOOOOEiOO 

0 00000 

112 

2 . OOOUE* 1 3 

0 DOOOOLlOU 

0 00000 

1 1 3 

4 347 PE* 1 1 

0 OOOOOE * 00 

0 00000 

1 1 A 

2 , OOOUE* 12 

0 OOOOOEiOO 

0 00000 

115 

1 . 028 »E * 1 3 

0 OOOOOE * 00 

0 00000 

116 

2. A A 0 i E * 12 

0 , OOOOOE i 00 

0 00000 

117 

8.2A0;*CM2 

0 OOOOOEiOO 

0 . 00(100 

118 

8 . 19Q2EM5 

0 OOOOOEiOO 

0 00000 

119 

2 . 1 531 K * 1A 

0 OOOOOEiOO 

0 ooooo 

120 

2. 0519E*07 

0 OOOOOEiOO 

0 ooooo 

121 

8.6A8* E*06 

-3, 0 0226 E * 0 3 

1 . ooooo 

122 

3. 191 AE tO 5 

0 OOOOOEiOO 

0 ooooo 

123 

A OOOUE* 12 

0 OOOOOEiOO 

0 ooooo 

12A 

5 00 3h E * 06 

D OOOOOEiOO 

0 ooooo 

125 

1 .1199(110 

-3 62989E - 06 

1 ooooo 

126 

1 21 7 HE* 10 

0 OOOOOEiOO 

0 ooooo 

127 

5 6 3BPEM 1 

0 . OOOOOEiOO 

0 . oouoo 

126 

1 ,955 E *09 

0 UOODOLlOO 

0 ooooo 

129 

1 0 30/EM6 

0 OOOOOEiOO 

o ooooo 

1 3D 

9 , 7 2 5 * i E * 1 5 

0 OOIIUOL * 0 0 

0 ooooo 

131 

5 0Q0UM2 

0 OOOOOEiOO 

o ooooo 

132 

6 561M* 15 

0 000 DOE * 0 0 

0 ooooo 

133 

3 600UEM5 

0 OOOOOEiOO 

0 . ooooo 


Dl N I VA I IVES (CU3 UNIT S > > T 6 . kf f»7 1 * U6 KHO - 1 . 5 SA90E* 0 D 

MIXTURE MULLCULAK UL I CM f 26.6346] IOTAI ENERGY EXCHANGE KATE -6 . 00627 t + u‘J MASS IKACIIUH SUM l U0U00UGU 

(CAl-CM** VGn«2/SEC) 


CPU TIME F UK INITIALIZATION Of 15ENS 


2 36000) 3 


REYNOLDS NUMBER 
REYNOLDS NUMBER 
REYNOLDS NUMBER 
REYNOLDS NUMBER 
REYNOLDS NUMBER 
REYNOLDS NUMBER 
KEYNULD5 NUMBER 
RLYNULDS HUMBER 
REYNOLDS NUMBER 
REYNOLDS NUMBER 
TIME 2.5QQ0QE-04 


‘ 3 8301 E* 03 
» 3.8295EI03 
= 3 82901*03 
s 3 6289 L +03 

* 3 8290E*03 

* 3 6296 E *03 
= 3 6 302E < 0 3 
= 3. 851 5E* 03 

* 3 . 6455E + 03 

* 3.9190E*Q3 
SEC 


PRANDTL 

NUMBER 

1 

0.722 

HCA1 

TRANSFER 

CULT F 

= 

5. 4 3804 E U4 

PRANDTL 

NUMBER 


0 .722 

HEAT 

lRANSFEN 

COEFF 

= 

5.43781E-04 

PRANDIL 

NUMBER 

= 

0.722 

HEAT 

TRANSFER 

CUtF F 

* 

5 . 4 57 5/ 1 - 04 

PRANDTL 

NUMBER 

* 

0 722 

HEAT 

TRANSFER 

COEFF 

= 

5.43748E 04 

PRANDTL 

NUMBER 

= 

0.722 

HEAT 

TRANSFER 

CULFF 

= 

5 . 43/74E Q4 

PRANDTL 

NUMBER 

* 

0 .722 

HEAT 

TRANSFER 

CDEFF 

= 

5.43875E-04 

PRANDIL 

NUMBER 

= 

0.722 

HEA 1 

1RAHSFLH 

CULt F 


5.43971E -04 

PRANDTL 

NUMBER 


0.722 

HEAT 

TRANSFER 

COLT F 


5.44174E-U4 

PRANDTL 

NUMBER 

• 

0.722 

HEAT 

TRANSFER 

COEFF 

* 

5 . 460 1 8E -04 

PRANDTL 

NUMBER 

■ 

0.722 

HEAT 

TRANSFER 

COEFF 

* 

5 57572E-04 


AREA 0 OOOODE+OO SO CM AXIAL POSITION O.OQOOOEiOO CM 


I L OH PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
<G/CM»*3> 
TLMPERATURE 
(DEG K) 

MASS F10H RATE 
(G/SLC) 
ENTROPY 
(CAL/G/DEG X) 
MACH NUMBER 

GAMMA 


2. 17500 
0.00 

4 .4645SE-Q4 
1 381 . AO 
0 . OOOOOE* 00 
2.2854 
0 . 0000 
1.2271 


INI ..ORATION 1ND1CAI UKS 

S EPS FROM LAST PRINT 177 

A-ERAGE STEP SIZE 0 1A198E05 

MiTHOD ORDER A 

TOTAL NUMBER OF STEPS 177 

f MIC 1 EVAl UAUUNS 2) 1 

J .COB 1 AH EVALUATIONS 27 


tMTHAEPY 3.24834E*02 

(CAL/G) 

SP HEAT <CP) 4.Q28S7E-U1 

(CAt/G/DEG K ) 


HEAT LOSSIQDOI/IOIMAS) ^ 3.5278EI02 CAL/(GSEC> 


CHEMICAL PROPERTIES 


SPLCIES 


L. HA 
CM3 
H 

H2 


CONCENTRATION 
t MOl ESMM4«3) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (MOl E/CM* * 3/ SEC) 

REACTION 

NUMBER 

2.853UE06 

1 . 70224E-Q1 

-2.52425E-04 

1 

4 . 3068 1 E- 09 

2. 56956E-04 

1 . 6 007 1 E “05 

2 

4.55929E-12 

2.72019E-07 

2. 18857E-08 

3 

4 84210E-09 

2.68895E-04 

3.45887E 05 

4 


RATE CONST 
CGS UNITS 
1 . 3/86E*05 
Z.8S62EM2 
1 4475E»06 
4.56Q9EM2 


NET REACTION CONV RAIE 
(MOLE-CM**3/G*»2/SEC) 

3 . 24282E ♦ 01 
1 . 7 356 1 E* 02 
A . 8955SF*01 
2, 23A57L * 02 


NET RAIt/POSI- 
UVE DIR RATE 
0 980A3 
093111 
0.82341 
0 . 99983 
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02 

2 . 869 Jttfc-06 

1 . / HOSE -1)1 

1102 

1 . 1 5893E-Q9 

6. 91 45 1 E - 05 

0 

3.42S36E12 

2.04247E07 

OH 

1 . 11965E-11 

6 68014E-07 

H20 

2 34793E-0S 

1 . 40084E03 

CH3U 

S.25482E-11 

1 .94191E06 

CH20 

1 . 6 7 6 94 E - 06 

1 . 00051E-03 

C2II6 

a . 12846E-09 

4.84966E-04 

C2N5 

3. 50933E-14 

2. 09376E-09 

C2H4 

2. 55090E-10 

1 . 52194E-G5 

CH2 

a . 88D46C- 16 

5 . 29852E- 1 1 

C2H3 

1 . 12477E15 

6 . 7 1 066E-1 1 

C2H2 

8 .6 1 795E- 1 3 

5. 14170E-08 

nt:o 

7 8Q929E- 1 4 

4 .65923C-09 

C2H20 

7 68740E-15 

4 . 58651E-1Q 

C2H 

7 . 35539E-20 

4 . 38842E15 

CO 

1 . 1 <.76 5E 09 

6 .847 1 9E-D5 

C2HU 

2 <4<*<i00E-I 7 

1 45821E-12 

CH 

2 66264E-21 

1 . 56872E-16 

C02 

1 97891E-11 

1 . 1606 7E-06 

11202 

2. 1 39 58 E * 1 2 

1 . 27 6 5 3E* 07 

m 

1 . 09779E-05 

6 . 5497 1E-01 

-HC II 

6 805B6E-14 

2 . B6 7 51 E-09 

11 

3. 03433E-17 

1 81036EI 2 

CM 

2.1 3920E - 16 

1 . 27630E-1 1 

HI1C0 

1 . 53401E-10 

9.1 5229E06 

1110 

1.1706 SC- 1 1 

6 . 98429E-07 

NH2 

3.76 526 E - 1 3 

2.25839E-08 

NU 

l . 08959E- 1 0 

6 . 5008 l E-06 

rm 

9.91090E-J3 

5 . 9131 IE-08 

N02 

5.94447E-11 

3.5466 3E-06 

N20 

2 . 6 0224E-1 5 

1 . 55256E- 1 0 

HM02 

1 . 9 26 2 9E - 1 6 

1 .14928E-) 1 

UNO 5 

3, 58837E-18 

2. 14092E-1 J 

UNO 

4. 36919E-16 

2.60677E-11 


1 . 5026 9E -04 

5 

5 0/641 *12 

1 34298E 06 

6 

2 . 610UI i 09 

1 47194E 08 

7 

6 . 3uour> 12 

5 29820E-08 

8 

6 2629E i 10 

1 68 1 88 E - 04 

9 

1 . 2606(i 1 3 

1 . 45999E-07 

1 0 

6 0261E i 12 

1 . 19800E-04 

11 

9 . 2 9 4 2 E * 1 2 

5. 01 102E-05 

12 

2 6 58301 3 

2 .90382E-10 

1 3 

5. 1976EM2 

3 . 406 57 E- 06 

14 

4 . 07 4 1 E * 1 1 

1 .40189E-] 1 

1 5 

4 .80000 1 3 

2 06752C-1 1 

16 

2 OOOOE* 1 3 

1 , 427 24E-08 

17 

5.8405012 

8.29057E-10 

18 

2 .85580 06 

1 16384E-10 

19 

3 .2453E* 12 

2 . 24083E-1 5 

20 

l 4735E* 12 

9 . 33697E-06 

21 

2 30 33E t ] 2 

5 . 2157QE-13 

22 

5 0926E * 1 2 

6 . 368D7E-17 

25 

1 . 1 3 4 3 E * ) 1 

7 . 1 7669E-08 

24 

4 . 3096E • 1 2 

2.90198E-09 

25 

6 . OOOOE* 12 

-1 65843E11 

26 

3 . 30000 1 3 

5. 5755JE-1 1 

27 

5 OOOOO 12 

1 . 55584E-1 3 

28 

3 0 00 00 1 3 

-6. 3070/E-12 

29 

3 OOOOE i 1 3 

3. 16)1 IE-07 

30 

6 .8529001 

- 3 .24701 E-07 

31 

6 . 8758E* 12 

4 67378E-D9 

32 

1 . 3454E* 13 

-1 . 6 6 7 1 9E- 07 

33 

6 .791 IE * 11 

9 . 506 76E-10 

34 

3 . 0027 E ♦ 1 1 

1 67635E-07 

35 

3. 1022E* 13 

1 .64957E-11 

36 

2. OOOOE* 13 

1 49045E-12 

37 

6 . 5 8 9 5 E * 1 1 

1 9 54 58 E - 1 4 

38 

1 .20200 12 

8 . 83195E-13 

39 

1 OOOOE* 13 


40 

5 OUOOO 1 3 


41 

3 OUUOt * ] 3 


42 

5 2918 0)2 


43 

1 . OOOOE i 1 3 


44 

2 . 8000E i 1 3 


45 

2 8871E i 12 


46 

3. 7960E* 12 


47 

5 881 2E* 12 


48 

3 9208E* 12 


49 

2 OOOOO M 


50 

1 02100 08 


51 

5. OOOOE i L 3 


52 

l . 0212E* 12 


53 

2 OOOOE* 13 


54 

3.1973E*05 


55 

2 . 0 4 7 8 E * 1 3 


56 

7 . 0230E* 1 2 


57 

1 . 1491 Ei 13 


58 

5 69281 * 1 0 


59 

1 . 19300 1 3 


60 

2 ooonr i 1 3 


61 

4.2/501 103 


62 

1 05440 10 


63 

7 . 986 71 i 09 


64 

1 05441 * 10 


65 

3. 7000E i 1 2 


66 

1 . 0(1000 1 3 


67 

2 . 1/081* 1 2 


68 

9.4564009 


69 

3 . 041 / t i 1 2 


70 

l . 1 4 1 9 E * 1 3 


7 1 

5 . OOOOE* I 2 


72 

4 . OOOOO 1 3 


73 

3 . OOOOE * 1 3 


74 

3. OOOOE* 1 3 


75 

3 . OOOOO 1 3 


76 

2 . OOOOE* 1 3 


77 

2 . 0 4 4 7 E * 1 2 


78 

6.51020)4 


79 

6 . 4149E* 05 


80 

3 . 0334E * 1 l 


81 

3 897JO10 


82 

1.97001*11 


83 

1 02J3E * 12 


84 

5 . 284 50 1 2 


85 

3. 7010E* 1 3 


86 

3 6 5721 * 1 3 


87 

6 0000012 


88 

9,5330015 


89 

2.7/451 *10 


90 

1.86990 12 


91 

1 8 0 0 0 E * 1 2 


92 

7 8000E* 1 1 


93 

7 . 3942E* 10 


94 

6 8 083012 


95 

2 0U70E *15 


96 

3 6 3 37 E * 00 


97 

4.4897015 


98 

1 189?r * 01 


99 

5 5705L 02 


100 

2. 36 701 * 06 


101 

1.11090)3 


102 

9 6806 E * 1 0 


103 

1 .6410011 


104 

1 ? 0 0 0 f * 1 3 


105 

3 7 0 4 6 L * 1 3 


106 

5.70430 12 


107 

6 68810 12 


108 

2. 3278E * 1 3 


109 

3 7000E l 12 


1 10 

2.00001 • 1 5 


1 1 1 

1 . OOOOO 1 3 


112 

2.0000013 


1 1 3 

6 . 76/30 1] 


114 

2.00 000 12 


1 1 5 

l . 0522E » l 3 


116 

2 4 326 E * 1 2 


117 

8 ? 7 24 0 12 


116 

8 12921 * 1 5 


119 

2.1736014 


120 

2.839900/ 


121 

1 . 152100/ 


122 

5.2164001 


1?5 

4 00001 * 1 2 


124 

7 .2.36 2 0 06 


8 . 093/81 * 02 

0 . 49482 

l .61/69002 

0 .99969 

-1 .195261*01 

0.88691 

1 .71413002 

1 OUOOO 

2.66/810 02 

0.22/41 

1 . 120420 00 

0 . 99999 

1 29753EI00 

1 ouooo 

1 . 2 9 5 9 6 f * 01 

1 OUQUQ 

1 . 51884E * 01 

0.99023 

1 87688E 01 

0.9)190 

3. 72064E 05 

0.96 56 3 

3.8361 IE 04 

0 99960 

3. 40765E 02 

0.99992 

6 . 12585E 02 

1 . ooooo 

4 .650231 -02 

0.99999 

1 . 898 58 E* 00 

0 .98900 

1 . 0091 1L : 02 

1 . OUOOO 

2.231Q8E1I2 

0 .99996 

1 .069440 02 

0 . 99683 

6 .97796C 02 

1 OOOOO 

1 5264 7 E- 07 

0 98885 

6 57 40 1 L 0 2 

1 . OOOOO 

3 1 564 3L 07 

0 99916 

8 9446 91. 09 

0 98 34 7 

-3. 780/8 C 15 

0.23291 

4. 9 54 06 L 09 

0.99757 

1 . 01 7/ IE 04 

1 oouou 

1 .99137E 04 

1 . OOOUO 

3 . 28545E05 

0.99936 

1 45351E 05 

0 .99994 

3 . 28 48 0 E 05 

) . OOOOO 

8 . 24 98 4 E -1 1 

0 99835 

2 . 31849L04 

1 OOOOO 

5. 04 569 E 10 

1 . OOOOO 

1 . 1721 5t 08 

0 . 9 994 3 

2. 348441 08 

0.8401 4 

3. 2666 9f 12 

0 9999/ 

-1 21985L 11 

D . 9 548 9 

2 , 996 96 E 14 

100000 

- 4 . 95879E 04 

0.97620 

1 22344E 06 

0 98 1 33 

-1 . 4 326 4E 04 

0 99536 

7 .7715000/ 

0.75)49 

5 17 3430 07 

0 . 999 38 

2 . 640621 06 

1 . ooooo 

6 52 58 01 0 5 

0 988/1 

6 3 1 6 4 6 F 1 1 

1 . 001)00 

4 784841*02 

1 . OUOOO 

1 .48 90 IE 02 

1 . ooooo 

4.50864C 01 

1 . ouooo 

1 .9289/1*01 

1 ooooo 

2 . 69 3841 * 00 

1 ooooo 

3 309661 < 00 

1 . OOOUO 

2.135101*01 

1) 4999 5 

2 012041! 02 

0 94950 

5.008281 * 02 

1 . OOOOO 

1 . 5481 if: 0 3 

0 99995 

1 . 0 58 50C 0 5 

0 99982 

5 90/741 04 

1 . OOOOO 

2 55U/3L 0 3 

0 .99999 

7 . 8830.it- 1 3 

0 80589 

3 8 33 34 [ 0 7 

1 . OOOOO 

2.//51/L 02 

1 . 001)00 

1 . 4 3926t ■ 1 0 

1 . ouooo 

1 . 51/22E 0/ 

0 99994 

2. 31764E 0/ 

0.99918 

1 .9779SC-1 1 

0.99983 

1 . 5826 11-10 

1 . OOOOO 

3. 37231E* 01 

0 . 99991 

4 . 0 2 3 7 5 E 0 5 

) OOOOO 

1 . 3160 1 E 04 

1 .OOOUO 

3 5724/E - 05 

0.94997 

1 . 3426 9E i 01 

0 99999 

2 . 1507 71 04 

0.99999 

1 .0598 3t 02 

1 . uoooo 

1 9 540 51 02 

0 . 99922 

2 6D052C 01 

1 . OOOOO 

7 .67928E- 02 

0 . 9666 5 

6 . 715B3E • 01 

0.99996 

4 . 38 374E 01 

0.99749 

5 98353E 01 

0 60987 

7 .212711-01 

0 .99902 

5. 05542E 01 

0 .97069 

2 527 1 5f* 00 

l . OOOOO 

7 . 7448 5 E 01 

0 . 99790 

- 1 .620401 02 

0.97210 

i . 2imr *0) 

0.94918 

3 .8 1 7 38E 05 

1 . OOOOO 

1 . 29004E * 01 

1 . OOOUO 

1 . 7 1 2 7 OE t 00 

0. 92488 

-2 . 26D33E* 01 

0.8891 5 

- 3 . 03366fc - 05 

0 .73560 

584064E- 06 

0 99118 

6 .400881 06 

0.71 584 

1 . 3386 91 05 

0 . 99600 

5 46/7 /( -11 

0 . 99894 

5 7608 3E 05 

0 99784 

-1 29648E 08 

0 13960 

-2 . 22104L 04 

0 . 99801 

4 4 089 OE- 08 

1 . OOOOO 

-3.06725E 04 

0.99855 

l 6 ] 9 6 4 E * 00 

0 . 9484 3 

2 . 3 4 4 8 4 E 02 

0 . 99918 

6 . 9 9 4 0 4 E - 0 2 

0 9/565 

6.9649/E 02 

) . 0 0 1100 

4 .021 12E 05 

i . ouooo 

1 . 782D8E 08 

1 . ooooo 

5 35532E 03 

0 99999 

9 . 8 4 9 2 9 L 13 

0.99986 

2 . 90544 E - l 2 

0 99800 

5. 8 576 7 E 04 

0 99998 

1 . 5 5 2 0 1 E * 0 1) 

0 99409 

7 . 04890E 0 3 

0 85460 

• 3.849821 01 

0 9 99 54 

2.955481 01 

0 09999 

2 .9543/fc 09 

0 04)74 

5 854411 04 

0.99996 

4 . 6 1 4 1 4 E 0/ 

0 4690/ 

3 619741 08 

0 94999 

7.54880E 05 

0 4/945 


37 



TABLE D.2. — Continued, 
(e) Continued. 


DERIVATIVES ( CG S Util 


S) i 


AA692E*0S RHU 


125 

1 

391/ 1 i 10 

- / . 2V295E 06 

0 99992 

126 

1 

A 9 A 9 1 i 10 

9 9220 At 10 

0 /621ft 

12/ 

6 

2 1 Aft l HI 

2. 111381 Oft 

0.5/0/6 

128 

2 

35? 3E • 09 

3.AOA13L 03 

099999 

129 

1 

0053E U6 

«) 8061/E 08 

0 000)8 

1 30 

9 

61901*15 

S.39665E 03 

0 / 7 9 8 9 

1 31 

5 

onoai * 12 

-1 291A3E 07 

0 72)01 

1 32 

6 

5 560E « 1 5 

A . 9 A 7 A 8 1 06 

0.01812 

1 33 

3 

6 000 L * 1 3 

6 . A5631E 07 

0 7 5072 

1 . 0282/E 

01 
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26 ,6 36/0 


r □ r At ENERGY EXCHANGE RATE -A . 6 1 3821 * (I / 
(CAL -CM**i/G«»2/btC ) 


mass ikaciion sun i oououuuo 


CUMPUIEK T 1 ML (CPU) K EW U I NE D » EUR I H L S b 1 fc E* 


1 3 5i 0 DO E ♦ 0 ) 


UR IQ I H i j NHL - 1 356 0 UOL * 0 1 


3 80000E-DA SEC 


AREA 0 . 00 000 E ► 0 0 SQ CM 


AXIAL ROS1IIUN 


0 DO 0 OE • 00 CH 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(0/CM»*3) 
TEMPERATURE 
(DEO K> 

MASS FLOW RATE 
(O/SEC) 

EH I ROPY 
(CAL/G/DEO X ) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/O) 

SP HEAT (CP) 
(CAL/O/DEG K) 


2 . 26 6 DO 

a . oo 

A. 586A2E-QA 
1603.00 
0 . 0000 OE +00 
2 289 9 
0 .0000 
1.2265 
3.296 5AE* 02 
A . G 39A6E-0 l 


INTEGRATION INDICATORS 
STEPS FROM LAS! PRINT 
AVERAGE STEP SIZE 
ME! MOD ORDER 

TOTAL NUMBER OK STEPS 
KUMCT EVALUAUUNS 
JACOBIAN EVALUATIONS 


0 . 95A97E-05 
A 


190 

232 


HEAT LOSS( ODOT/TOTMAS) 3 3.6518E*02 CAL/(G~5EC) 

CHEM1CAI PROPERTIES 


PECIES 

CONCENTRATION 

MOLE FkACUON 

NET SPECIES PRODUCTION 

REACH ON 

<A I E CONST 

NET REACTION CQNV RA! E 

NET RA1E/P0SI- 


(MULES/CM** 3) 


RATE (M0LE/CMKX3/SEC) 

NUMBER 

GS UNITS 

(MULE-CM<n*3/G»*2/StC) 

TIVE DJR RATE 

CHA 

2.885B6E-06 

1 . 6 7 520 E - 0 1 

-A . 82629E-0A 

1 

2 . 0103E*05 

A 5AA97E*01 

0. 957A5 

CM3 

7 . 16096E-09 

A. 1 566AE- 09 

2. 721 95E-05 

2 

3 . 005/6* 12 

3. 37791 E*02 

0.866*1 

H 

9 AA129E-12 

5 A8Q5AE-07 

5.68900E-08 

3 

1 .8AD2E*06 

5.2951AE*01 

0 . 7 1B82 

M2 

1 , 1 6 558 E - 0 8 

6 7677AE-0A 

7 . 26 359 E-05 

A 

A . 7959E+ 1 2 

A . 1A859E*02 

0 . 9997 1 

02 

2 920 56 E - 06 

1 .695236-0 1 

-3 06580E-0A 

5 

5 - 1866E+ 12 

1 . 52 1 7 3E + 0 3 

0 . 98872 

H02 

1 .*36876-09 

ft . 5A089E-05 

2. 52978E-06 

6 

2 . 951 AE*09 

2 . 92999 E * 02 

0 999AA 

0 

6 . 31269E-12 

3 .66A90E 07 

3. 0A531E-O8 

7 

6 . 3000E* 12 

-A . 186 7 AE* 01 

0 90025 

OH 

2 16A56E- 1 1 

1 .256676-06 

1 1A853E-07 

8 

6 .«528E* 10 

3. A0L90E*02 

1 00000 

H20 

5 6A92AE-0& 

3 27930E-05 

3. 501 23E-OA 

9 

1 , 2538E* 13 

A 6 36 3AE ♦ 02 

0 1 5182 

CH30 

6 0/05/E-l 1 

3 . 52 3886- 06 

2 . 95168E-07 

10 

6.28196*12 

A . 7 9 305E * 00 

0 . 99998 

CH20 

3 8 767 JE-Q8 

2 2 50 38 E - 0 3 

2.17101E-0A 

1 1 

9 6122E* 12 

A. 90 5776*00 

1 .00000 

C21I6 

1 701 A6E-0S 

9 87676E-0A 

8 . A9566E-05 

12 

2 . 881 AtM 3 

5 0 A 1 20E * 0 1 

1 00000 

C2H5 

1 25A32E-13 

7 2811 7 E- 09 

1 . 18897E-09 

13 

5 . 9362E* 12 

5.9*91*6*01 

0 9 76 A 5 

C2MA 

1 . 2 A7 7 9 E - 09 

7 2A325E05 

1 . 38887E -05 

1A 

A 16236*11 

6 1 1 A 986 - 0 1 

0 8 A A 3 8 

CM2 

6 7228AE-1 5 

3 90251E-10 

1 . 03560E-10 

15 

A 80006*1 3 

2.50331E-0A 

092717 

C2H5 

1 07956E-1A 

6 26667E-10 

1 8A7A3E-10 

16 

2 . 00006 * 1 3 

A.57137E-03 

0 9995ft 

C2N2 

7 . 07630E-12 

A .107696-07 

1 09221E-07 

17 

6 1016E *12 

3 . A1 3 57 E - 01 

0 99982 

IICO 

3. 198/9E-13 

1 . 8548SE-03 

3 . A0938E-09 

18 

A 01186*06 

A 0960/E-01 

1 00000 

C2II20 

6 5A20SE-1A 

3 . 7 97 57 E -09 

1 . 07A26E-G9 

19 

3.2625C* 12 

A. 185836-01 

0 99998 

C2H 

1 . 17378E-18 

6 81363E-1A 

2.8*77*6-1* 

20 

1 A7 96 E * 1 2 

f . 311 A9E*00 

0 97A69 

CO 

3.9702*6-09 

2 . 30A67E OA 

3 9826 IE-05 

21 

2 3 1 A 5E * 1 2 

8 65920E- 02 

1 . ODODO 

C2H0 

5 . 7807AE-16 

2. 19A66E-1 t 

7 8A855E-12 

22 

5. 2029E* 12 

1 9A6A3E 01 

0 . 99992 

CM 

A 1 186 OE -20 

2 39079E- 1 5 

9 . 169006-16 

23 

1 30116*1 1 

1 . 1A596E-01 

0 99538 

C02 

3 . 693A9E-H 

2.26008E-D6 

2.81059E-07 

2 A 

A . 30A9E * 12 

6 . AA6A9E 01 

1 . OOOOQ 

H202 

2.79L10E-12 

1 .620206 -07 

6 5AA27E-09 

25 

6 00006*12 

2 863206-06 

0 98571 

M2 

) . 12825E-05 

6 5*9326-01 

3 . AA228E-1 1 

26 

3 3000E * 1 3 

1 .068186-05 

1 00000 

IIC N 

5 . 93685E-1* 

3 . AA625E 09 

1 , 07598E-10 

27 

5 OOOOEi 12 

5 5*3536-06 

099878 

N 

5 78 1 7 7 E-W 

3 3562AE-12 

2.7903AE-13 

28 

3 00006*1 5 

- 1 . AA198E07 

0 93308 

CM 

2.8911*6-18 

1 .67826E-1 3 

1 696A9E- 12 

29 

3 000 DE * l 3 

3 A0AA1E- l 3 

0 1885* 

UNCO 

1 . 68587E-10 

9 76622E-06 

-9 . 01295E-09 

30 

1 OftAOE 102 

6.2*1036-08 

0 . 99A 31 

IICO 

A . 82365E-1A 

2 .8001 86-09 

-2 09922E-09 

31 

7 17556112 

1 5220AE- U 3 

1 OOOOQ 

IIH2 

1 . 567 19E-12 

7.936 S6E-08 

1 . 098 7 7 E-08 

52 

1 AOS 56 * 1 3 

2 . 98 ft 0 3E 0 3 

1 00000 

NO 

9 . 79850E-11 

5.68789E-06 

-A . 1 30256-06 

33 

6 998 OE * 1 1 

5 . 08 A 2 3E - 0 A 

0 9 9 8 A 9 

MH 

1 033A0E-12 

5 .998726-08 

-2.29972E-1 0 

3A 

3 00536* 1 1 

2 1 8656E- OA 

0 99993 

1102 

7 . 51AIDE-11 

A , 36183E-06 

A. 15A27E-08 

35 

3 1 222E * 1 5 

5 083A6E OA 

1 00000 

N20 

5.8A091E-15 

3 . 39D56E-10 

3. A 08 586-11 

36 

2 OOOOE* 1 3 

2 . AQ882E - 09 

0 99789 

NNOZ 

A .7610 5E 16 

2 . 76S72E-1 1 

2.7A619E-12 

37 

6 66056* 1 1 

3. *92966 03 

1 00000 

MII03 

7 .25725E-18 

A .201126)5 

1 . 1 0 586 E- 1 A 

36 

1 . 202 OF * 1 2 

1 , 36259E 08 

1 00000 

mm 

6 .558A8E-16 

3.795506-11 

2. 529AAE-12 

39 

1 00006*1 3 

3 8861/E 07 

0 . 9 9 96 A 





AO 

5 OOOOE * 1 3 

7 . 2566AL 07 

0 85366 





A 1 

3 OOOOE* 1 3 

3 621766 10 

0 99999 





A2 

5.33736*12 

- A A 3 1 5A E - 1 0 

0.67306 





A3 

1 00006*1 3 

6 789 32E I2 

1 . 00000 





AA 

2 6 00 OE * 1 3 

-A. 719 36 E - 03 

0.96)62 





A 5 

2 92A5E * 1 2 

1 .876766 05 

0 95599 





A6 

3 8522E* 12 

-9. 16916E0A 

0 98 7ft2 





A 7 

6 0863E* 12 

8 272686-06 

0.A6331 





AS 

A 0575E * 12 

7 . 9A95QE 06 

0 99880 





A 9 

2 OOOOFt 1 3 

3 . 92 3 08 f 05 

1 OOOOO 





50 

1 32051* 08 

6 88 898 L UA 

0 9/A61 





51 

5 . ODOOt* 1 3 

1 .759716-09 

1 OOOOO 





52 

1 0 5 3 1 E * 12 

ft 86733002 

1 OOOOO 





53 

2 OOOOE * 1 3 

5 AAA 586 02 

) OOOOO 





5 A 

A 52AAC* 05 

1 A 35206*00 

1 OOOOO 





55 

2 058 36 * 1 3 

8 20509001 

l oouoo 





56 

7 1 A A 1 1. * ) 2 

1 2Al‘)9f *01 

0 . 9999 9 





57 

1 U65E • 1 5 

) . 355921 *01 

1 OOOOO 





58 

6 08/5t* 10 

8 026 A 50 01 

0 9 9 9 9 A 





59 

1 201 im 3 

1 306 3 36 01 

0 99962 





60 

2 0000E*1 $ 

9 .7/447002 

1 . OOOOO 
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DERIVATIVES (CGS UNITS) ■ T 
MIXTURE MOLECULAR HEIGHT 


COMPUTER TIME <CPU) REQUIRED. 


( L SENS ) 


( L SENS ) 


TABLE D.2. — Continued, 
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1.949236*05 RHO 


61 

6 . 3306 L • 0 3 

3 . 7 08 2UE *0 3 

0.99969 

62 

1 . 1879EU0 

3.81096603 

0 .99904 

61 

8 .99946*09 

1 .932276-05 

1 .00000 

64 

1 . 1879EU0 

8 . 746 06 E - 0 3 

0 . 99992 

65 

3 . 7 0 DOE * l 2 

2 . 48042E- 1 1 

0.86017 

£ 6 

1 OOOOEH3 

5. 71294E06 

1 .00000 

67 

2 .2518EM2 

2. 099836-01 

1 . 0000 0 

68 

1 . 06 40 E * 1 0 

2. 14481E 09 

100000 

69 

3 1408012 

2.1/0*1606 

0 . 99983 

70 

1 . 17 76013 

5.54 322E-06 

0 . 99802 

71 

5 . 0D00EM2 

1 .073296 09 

0 . 99992 

72 

4 0 DO 0 E * 1 3 

8.586966-09 

1 . 00000 

73 

3 . OOQQO 1 3 

1 . 33098E4 02 

0 99989 

74 

3 . OOOOEU 3 

2.87734E-04 

I .00000 

75 

3 00000 1 3 

9.86753E-04 

1 .00000 

76 

2. OOOOE* 13 

2.86879E 04 

0 . 99995 

77 

2.18586*12 

5 . 7 2099E * 0 l 

0 . 99998 

78 

6 . 6 256 E * 1 4 

1 . 55873E-03 

1 0 000 D 

79 

7 . 8698E * 05 

4.33405602 

1 00000 

80 

3.0465EW 1 

1 .243066-01 

0 . 99948 

81 

4.29966*10 

1 .165036 4 00 

l . 00000 

82 

2. 1314E* 11 

3.515*26 01 

0 .97386 

83 

1 . 0978EU2 

1 .4 37 586*02 

0 . 99994 

84 

5 . 6 0530 1 2 

1.955061*00 

0.99776 

85 

3.7349EU3 

1 . 280296 * 00 

0 . 53200 

86 

3 65266*13 

1 .572106* 00 

0 . 99895 

87 

8 . OOOOE* 1 2 

1 .134566*00 

0 95988 

88 

9 57696*13 

6 . 1 7 08 7 E * 00 

I . 00000 

89 

3 . 08636*10 

2 .453056*00 

0 99826 

90 

3.89376*12 

-5. 39477E-02 

0 97971 

91 

1 . *0006 * 12 

1 . 76 372E ♦ 0 1 

0. 99919 

92 

7 . 80 DOE 1 1 1 

9. 76 26 1 E 0 5 

1 . D0Q00 

93 

8.98686*10 

2.011506401 

0 . 99999 

94 

6 . 98*66* 1 2 

7.659846*00 

0 .91428 

95 

1 .9984E* 15 

-3.322386*01 

0 .64668 

96 

6 . 0 16 3E * 00 

-1 . 1 3822E 04 

0 . 7 3488 

97 

4 , 4292E t 1 5 

2 . 1 4 502 E - 0 5 

0 99307 

98 

1 ,7945E*01 

2. 16902605 

0 67666 

99 

9.1136E-02 

2.160236-05 

099195 

100 

2 . 567 9E* 0* 

5.666736-10 

0 99985 

101 

1 1 36 5EU 3 

1 .486806-06 

0.81714 

102 

1 . 0504E+ ] 1 

1 . 84693E- 07 

0 987 74 

103 

1 6608E+11 

-5. 097676-04 

D 99802 

104 

1 .20006*13 

1 . 04024E-09 

1 .00000 

105 

3.60116*13 

-2 . 76070E-06 

0 99592 

106 

5 . 9266E * 1 2 

9 B8959E03 

0 6 24 46 

107 

6 .9362EI 12 

5.21894E-02 

099524 

108 

2 . 3378 E ♦ 1 3 

9.247 16E-04 

0 . 98632 

109 

3 . 7000E* 12 

-9. 31316E04 

1 . 00000 

1 10 

2.00006*13 

2. *9274605 

1 . OOllOO 

111 

1 0Q00EM3 

1 . 32473E-10 

I . 00000 

112 

2. OOOOE* 1 3 

4 . 29779E-05 

0 .99338 

113 

7 . 06 18E* 1 1 

1 . 35350E- 1 1 

0 .99990 

114 

2 . 0000 E * ] 2 

3. *31956-11 

0 . 99956 

115 

1 0685EH 3 

1 .135306-03 

0 . 99995 

116 

2 . 4276Et I 2 

1 .602016*00 

0 . 96681 

117 

6 . 2936E 4 12 

1 .719956-02 

0 . 92047 

118 

8.06B9E*15 

-6 . 393446-01 

0 . 999 56 

119 

2 187SE+14 

7 . 37O43E01 

1 . 00000 

120 

3.524*6407 

-8,45191 E* 08 

0.35304 

121 

1.39446(07 

-1 . 135406 05 

0 99996 

122 

7.23566*03 

I .597536-06 

0 . 6 5265 

123 

4 . 00006* 1 2 

8.25412E-08 

1 . 00000 

124 

9.24246*06 

-1 . 50490E-04 

0 97 1 48 

125 

l .5129E*10 

-1 . 15446E-05 

0.99977 

126 

1 ,6196E«1Q 

2.6*1 56E-09 

0 94538 

127 

6 .6 3036* 1 1 

1 . 31456E-07 

0 . 7 5694 

128 

2.6693E*09 

1.11 0706 02 

0 . 99999 

129 

9 . 89026 * 1 5 

5.252626-08 

0 . 00004 

1 30 

9 . 549 1 E * 1 5 

-1 . 10940E-0? 

087002 

131 

5.00006*12 

-3.19520E-07 

0 .66548 

132 

6.51926*15 

1 . 34555E 05 

0 . 02727 

133 

3 . 6000E * 1 3 

1 .760696-06 

0.72745 

8 . 54162E- 

02 




26.63512 TOTAL ENERGY EXCHANGE RATE -9.14644E+07 

<CAL-CM*J<3/G«*2/SEC ) 


MASS FRACTION SUM 1.00000000 


FOR THIS STEP - 2.699986E01 5 UP TO THIS UMfc - L.4/7000E*01 5 


END OF THIS CASE 


SUMMART OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM^ 

TOTAL NO. OF STEPS - 190 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 212 

10TAL NO. OF JACOBIAN EVALUATIONS - 2B 

TOTAL CPU TIME - H. 769997 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED » 16.459999 S 


READ DATA FOR NEXT CASE 


39 



TABLE D. 2. — Continued, 
(f) Case 6 


DISTANCE-PRESSURE 

VERSION 

LEWIS 

SENSITIVITY 

AND 

GENERAL KINETICS PROGRAM NASA 

LEWIS 

RESEARCH 

CENTER 


L SENS 

METHANE 

AIR 

MECHANISM 

CONSTANT PRE5SURE FI OH 

PROBLEM 

CASE 6 



REACTION 




REACTION 



REACTION 

RATE 

VARIABLES 


NUMBER 








A 



N 

ACTIVATION 













ENERGY 

1 

M 

4 

1*CH9 

= 

mcHJ 

4 

mit 

2.000006* 

17 


0 . 0000 

88000 . 00 

2 

1MH 

+ 

mCH9 

s 

1*CH3 

4 

1*H2 

1 .26000E4 

1 9 


0 . 0000 

1 1900 .00 

3 

1*CH9 

4 

mo2 

= 

1 *CH3 

4 

1*1102 

7 . 9 9 0 0 0 E 4 

13 


0.0000 

56000 00 

9 

mo 

4 

mCH9 

* 

mens 

4 

moH 

1 900006* 

19 


0 . 0000 

11720 00 

5 

moH 

+ 

mCH9 

= 

1*CH5 

4 

1MH20 

2 . 50000E4 

1 3 


0 . 0000 

5010 , 00 

6 

1 *CM3 

4 

mo2 

= 

mcHio 

4 

mo 

2 . 90000E4 

13 


0 . 0000 

28680 00 

7 

mCH3 

+ 

moH 

=. 

1 *CM30 

4 

1MH 

6 . 30000E4 

12 


0 . 0000 

0 00 

B 

M 

4 

mCH3Q 

= 

1MCH20 

4 

1*H 

5. OOOOOE4 

1 3 


0 . 0000 

21000 . 00 

9 



2*CH3 


1 *C2H6 



2.90000EI 

19 


-0.9000 

0 00 

ID 

1 » H 

4 

mC2H6 

- 

1*C2H5 

4 

1MH2 

1 . 32000E 4 

1 9 


0 . 0000 

9700 . 00 

11 

mo 

4 

1MC2H6 

= 

1MC2H5 

4 

muH 

1 . 1 3000E 4 

19 


0 . 0000 

7850 . 00 

12 

moH 

4 

mC2H6 

= 

1 KC2H5 

4 

m«2o 

8.70000£> 

1 3 


0 . 0000 

3520 . 00 

13 

M 

4 

mC2H5 

- 

1*C2H9 

4 

1AH 

1 . OOOOOE 4 

17 


0 . 0000 

31000 00 

1 A 

mC2M5 

+ 

1 *02 

=. 

1*C2H9 

4 

1 MH02 

2 .0000064 

12 


0 . 0000 

5000 .00 

1 5 

1 * H 

4 

)*C2H5 

= 

1*C2H9 

4 

1*H2 

9 . B000QE4 

13 


0 . oooo 

0 00 

16 

ll»CH3 

4 

1*CH2 

3 

1*C2H9 

4 

mu 

2 . OOOOOE* 

13 


0 . oooo 

0 . 00 

17 

mu 

4 

1*C2H9 

3 

1 *H2 

4 

1MC2HJ 

l , 50000 E 4 

19 


0 . oooo 

10200 00 

16 

M 

+ 

1*C2H9 

s 

1 MC2H2 

4 

1*H2 

2 60000E4 

17 


0 . oooo 

79300 00 

19 

1AC2H9 

4 

moil 

3 

1 *C2HJ 

4 

mn2o 

9 . 80000E 4 

12 


0 oooo 

1230 00 

20 

mC2H9 

+ 

moH 

3 

1 *CH3 

+ 

1*CH20 

2. OOOOOE4 

12 


0 oooo 

960 00 

21 

mCZH9 

+ 

mo 

3 

1 *CH3 

4 

muco 

3. 30000E > 

1 2 


D . 0000 

1130.00 

22 

1MC2H9 

+ 

mo 

3 

1*CH2U 

4 

1MCH2 

2. 5000064 

13 


0 . oooo 

5000 00 

23 

M 

4 

1*C2H3 

= 

1 *C2H2 

4 

m h 

3 . OOOOOE 4 

15 


0 . oooo 

32000 . 00 

29 

1 * C 2H3 

+ 

mo2 

s 

1MCH20 

4 

muco 

3 , 9800064 

12 


0 . oooo 

-250 .00 

25 

UCZH3 

4 

m h 

= 

mezHz 

4 

1MH2 

6 . 0000 06 4 

12 


0 . oooo 

0.00 

26 

mC2H3 

4 

mo 

c 

1 MC2H20 

4 

m h 

3. 30000E4 

13 


0 . oooo 

0 00 

27 

mC2l(3 

4 

moH 

= 

mC2H2 

4 

1MH20 

5, OOOOOE4 

12 


0 . oooo 

0 . 00 

26 

mC2H3 

4 

1*CH2 

s 

UC2H2 

4 

1MCH3 

3 , OOOOOE 4 

1 3 


0 . oooo 

0 .00 

29 

mC2H3 

4 

I*C2H 

3 

2*C2H2 



3 . OOOOOE 4 

13 


0 .0000 

0 . 00 

30 

M 

4 

l*C2M2 

3 

I MC2H 

4 

1*H 

9 , 20000E4 

16 


0 .0000 

107000 00 

31 

mC2H2 

4 

mo 

s 

mCH2 

4 

mco 

1 ,6000064 

19 


0 .0000 

9890 00 

32 

mC2H2 

t 

mo 

= 

1 MC2H0 

4 

1*H 

9.0Q000E4 

19 


0 . oooo 

10660 . 00 

33 

mC2H2 

4 

moh 

= 

1 *C2H 

4 

l*H20 

6 . 3000 OE * 

12 


0 . oooo 

7000 00 

39 

mC2H2 

4 

moH 

= 

mC2H20 

4 

mu 

3.200006* 

I 1 


0 ,0000 

200 . 00 

35 

mC2H 

4 

mo2 

3 

1*C2H0 

4 

mo 

5.000006* 

1 3 


0 oooo 

1500 . 00 

36 

mC2H 

4 

moH 

3 

1KC2H0 

4 

1*H 

2. OOOOOE* 

13 


0 oooo 

0 00 

37 

mC2H0 

4 

1*02 

3 

2*C0 

+ 

moH 

1 .960006* 

12 


0.0000 

2500 00 

36 

mC2H0 

4 

1*0 

3 

2*C0 

4 

1*H 

1 . 20200E * 

12 


0 . oooo 

0 . 00 

39 

1 MC2H0 

4 

moh 

3 

2*HC0 



1 . OOOOOE* 

1 3 


0 . oooo 

0 00 

90 

mC2H0 

4 

UH 

3 

1 *CH2 

4 

mco 

5. OOOOOE* 

1 3 


0 . oooo 

0 00 

91 

mC2H0 

4 

mCH2 

s 

1*C2H3 

4 

mco 

3. 0000064 

1 3 


0 .0000 

0 . 00 

92 

mC2H0 

4 

mCH2 

= 

1 *CH20 

4 

lJfC2H 

1 . OOOOOE* 

1 3 


0 .0000 

2000 . 00 

93 



2*C2H0 

3 

1 *C2M2 

4 

2*C0 

1 .000006* 

1 3 


0 . oooo 

0 , 00 

99 

mC2M20 

4 

mow 

3 

mCH20 

4 

1MHC0 

2,800006* 

13 


0.0000 

0 . 00 

95 

mC2H20 

4 

moH 

s 

1*C2H0 

4 

1 *H20 

7 . 50000E* 

12 


0 .0000 

3000 .00 

96 

mC2H2Q 

4 

t *H 

= 

mens 

4 

mco 

1 .130006* 

13 


0 .0000 

3928 .00 

97 

mC2H20 

4 

mu 

3 

1KC2H0 

4 

1*H2 

7 . 500006* 

1 3 


0 .0000 

8000 . 00 

98 

mC2M20 

4 

mo 

3 

1 MC2HQ 

4 

moii 

5.000006* 

1 3 


0.0000 

8000 . 00 

99 

mC2H20 

4 

mo 

s 

3 KCH20 

4 

mco 

2.000006* 

13 


0 . oooo 

0 . 00 

50 

M 

4 

uczhzo 

s 

1 MCH2 

4 

mco 

2 . OOOOOE* 

16 


0 . oooo 

60000 . 00 

51 

1 *C2H 

4 

mo 

3 

men 

t 

1 MCH 

5 . 0 0 0 0 0 6 * 

1 3 


0.0000 

0 00 

52 

mCM30 

4 

mo2 

3 

1 *0120 

4 

mii02 

1 . OOOOOE ♦ 

1 3 


0.0000 

717000 

53 

mCH3Q 

4 

1 AH 

3 

1 *CH20 

4 

mii2 

2 OOOOOE ♦ 

1 3 


0 0000 

0 00 

59 

M 

4 

1 *0120 


miico 

4 

mu 

5 OOOOOE* 

16 


0 . oooo 

81000 00 

55 

1 *CH20 

4 

1 «0M 

3 

1 AltCO 

4 

mii2o 

3 OOOOOE* 

l 3 


0 . oooo 

1200 00 

56 

l HCH20 

4 

1 * H 

_ 

1 * HC 0 

1 

i*H2 

2 . 500 006* 

1 3 


0 oooo 

3990 00 

57 

1 KC-H20 

4 

1 *0 

3 

muco 

4 

moH 

3 , 500006* 

1 3 


0 oooo 

351 0 00 

58 

1 1*013 

4 

1 ACH20 

3 

1 *(. H9 

+ 

muco 

1 , OOOOOE* 

10 


0 . 5000 

6000 . 00 

59 

1 *CH 3 

4 

1 a Hit 0 

3 

mCH9 

4 

mco 

3 OOOOOE* 

1 1 


0 . 5000 

0 00 

60 

mCM3 

4 

1 «H02 

- 

1 ACM JO 

4 

moH 

2 . OOOOOE* 

1 3 


0 oooo 

0 . 00 

61 

M 

4 

1 *013 


1 *CH2 

4 

UH 

1 95D00E* 

16 


0 oooo 

91600 00 

62 

mu 

4 

1 *013 

3 

l*H2 

4 

1*CH2 

2 .7 00006* 

1 1 


0 6 700 

25700 00 

63 

mo 

4 

1 *CM3 

3 

1 *UH 

4 

1*CH2 

1 9 00 OOE ♦ 

1 1 


0 6800 

25700 00 

69 

moh 

4 

mens 

3 

1 * H20 

4 

mcnz 

2 700006* 

1 1 


0.6/00 

25700 . 00 

65 

1 »CH 

4 

1 *CU2 

3 

1 * HC 0 

4 

mco 

3 . 7 0 0 OOE * 

12 


0 oooo 

0 00 

66 

1 *ch 

4 

mo2 

3 

miico 

4 

mo 

1 OOOOOE * 

1 3 


0 oooo 

0 . 00 

67 

moi2 

4 

1*02 


1 MCH2U 

4 

mo 

5 . oooonr* 

1 1 


0 5000 

6960 00 

66 

1 *012 

1 

mo 

3 

i*ch 

4 

1 *0H 

2 . OOOOOE* 

1 1 


0.7000 

25800 00 

6 9 

mCH2 

4 

i a ON 

3 

men 

4 

mii2o 

5 OOOOOE* 

1 1 


0 .5000 

5900 00 

70 

mcil2 

4 

1 * H 

3 

men 

4 

1 MH2 

3 200 0 0 E * 

1 1 


0 7000 

9970 00 

71 



2*012 

= 

I * C 2 H 5 

4 

mu 

5 . OOOOOE* 

12 


0 0 0 IJ 0 

0 00 

72 



2*CH2 

3 

1*C2M2 

4 

1 MM2 

9 , OOOOOE * 

1 3 


0 oooo 

Q 00 

7 3 

mnt:u 

4 

1 *02 

3 

1 *C0 

4 

1MH02 

3 . OOOOOE* 

t 3 


0 uuoo 

0 00 

7 9 

i *m:o 

4 

mo 

3 

1 A CO 

t 

1 MOH 

3 OOOOOE* 

I S 


0.0000 

0 GO 

75 

i mhco 

4 

muH 

3 

1 *co 

4 

1 MM20 

3 OOOOOE* 

1 3 


0 oooo 

0 00 

76 

1 MRU 

4 

1 *H 

3 

1 *C0 

4 

UHZ 

2 . OOOOOE* 

1 3 


o oooo 

0 . 00 

7 7 

M 

4 

1 KIICO 

= 

1 * H 

4 

mco 

2 900006* 

19 


0 oooo 

15570 UG 

78 

l *t:u 

4 

mo 

= 

1 AL02 

4 

M 

2 .900006* 

1 5 


0 0000 

910000 

7 9 

uco 

4 

1*02 


l *C02 

4 

1 mu 

2 . 5D000E* 

12 


0 0000 

9/690 00 

80 

mi u 

4 

1 MOH 

3 

1 *C02 

4 

1 MH 

9 . 1 7 0 OOE * 

1 1 


0 oooo 

1000 , 00 

81 

l *cu 

4 

1*HU2 

3 

1 *C02 

4 

moH 

5.750006* 

1 3 


o oooo 

22930 00 

62 

mu 

4 

1*1120 

s 

2 MOH 



6 . BOOUOC* 

1 3 


0 . 0 0 0 0 

18365.00 

83 

1 Ml 

4 

1*02 

3 

1 MOH 

4 

1 MO 

1 890DOP* 

19 


0.0000 

16900 00 

89 

1 M) 

4 

1 *H2 

3 

moh 

4 

1 Mil 

9 . 2 Oil DOE* 

19 


0 0000 

13/50. 00 

85 

1 Mt 

4 

1 MN02 

3 

1*112 

4 

mo2 

/ . 2 8 0 0 0 E * 

1 3 


0 0000 

2126 .00 

86 

mu 

4 

1*1102 

3 

1 MON 

4 

1 M02 

5 UODOOE* 

1 3 


0 0000 

1000 .00 

87 

mno2 

4 

moH 

3 

1 MM20 

4 

mo2 

8 OOOOOE * 

12 


0 . oooo 

0 00 

88 

mu 

4 

1*1102 

= 

2 M ON 



1 J9000E * 

19 


0 oooo 

107000 

89 

muz 

4 

1 *H02 

= 

1 * H2 02 

4 

mu 

7 .910006* 

1 3 


0 oooo 

25000 00 

90 

muH 

4 

1 * 11202 

= 

1 *1120 

4 

1 MH02 

6 . 1 0000E* 

12 


u oooo 

1950 00 

9 l 



?*N02 

= 

1 *0202 

4 

mo2 

l , aooooE ♦ 

12 


o oooo 

0 00 

92 

mu 

4 

1 *11202 

= 

muH 

4 

1*H?0 

7 aOOOOL* 

1 1 


0 oooo 

0 . UU 

9 3 

n 

4 

1MI202 

= 

2*011 



1 99 00 0 E » 

1 7 


0 oooo 

95510 . 00 

99 

1 A M2 

t 

1 *011 

3 

1 * 1120 

4 

1 mH 

9 . 790001 * 

1 S 


o . on on 

6098 .00 

95 

mu 

4 

1*02 

3 

1*1102 

4 

M 

1 . 960001 * 

1 5 


0 . oooo 

l ooo no 

96 

M 

4 

1*1120 

3 

mu 

4 

moit 

1 300006* 

1 5 


0 oooo 

105190 00 

9 7 

mu 

4 

mu 

3 

muH 

4 

ii 

7 1 0 0 0 0 E * 

1 8 


- 1 . oooo 

0 00 

98 

M 

4 

1 *H2 

3 

2*H 



2 . 2O0U0E * 

19 


U.OUIII) 

96000 00 

99 

M 

4 

mu2 

3 

2*0 



1 8 000 01* 

18 


1.0000 

1 18020 . 00 

100 

mot 

4 

1*112 

= 

1 MIL N 

♦ 

mti 

1 ououot* 

1 1 


0 oooo 

19000 00 

101 

men 

4 

1*112 

3 

1 * HCN 

4 

mu 

6000001* 

l 3 


u oooo 

5300 00 

1 02 

1 A 0 

4 

1 * HCN 

- 

moii 

4 

1 MCN 

1 . 9 000(16 * 

1 l 


i) (>aon 

16900 00 



TABLE D.2. — Continued, 
(f) Continued. 


103 

1*0H 

+ 

1 KHCN 

104 

men 

4 

mo 

105 

men 

4 

1 *OH 

106 

1*H2 

* 

1 XNCO 

107 

i xmico 

♦ 

mu 

1 OB 

1*CN 

4 

mo 2 

109 

1 *CN 

4 

mco 2 

no 

mo 

♦ 

lXHCO 

111 

1KN 

* 

unco 

112 

UH 

4 

mNCo 

MS 

men 

4 

muo 

114 

1*CH 

4 

1XNO 

115 

1 WHH 

4 

moH 

116 

1XH02 

4 

muo 

117 

mo 

4 

muo 2 

1 IB 

muo 

+ 

mo 

119 

1 KN02 

♦ 

1»H 

120 

mtio 

4 

mu 

121 

l*NO 

4 

mo 

122 

mo 

4 

mt<2 

123 

l*N 

♦ 

1 *1102 

124 

M 

4 

mii2o 

125 

mo 

4 

u» 2 o 

126 

mo 

+ 

1 MH20 

127 

1XN20 

4 

1 HH 

128 

1 MH02 

4 

1XH2 

129 

moH 

4 

mM 02 

130 

moil 

+ 

1 XNO 

131 

mnna 

♦ 

mu 

132 

1NH 

4 

muo 

133 

UHNO 

4 

mow 


= 

uhiico 

♦ 

mu 

= 

mco 

4 

mu 

= 

muco 

4 

1*H 

= 

milMCQ 

4 

UH 

= 

miiH2 

4 

1 *co 

- 

muco 

4 

mo 

- 

1 XHCO 

4 

mco 

= 

UNO 

♦ 

mco 

* 

UM2 

4 

mco 

- 

UNH 

4 

mco 

= 

1«N 

4 

1XHCO 

* 

mo 

4 

mucN 

- 

1*N 

4 

1XH20 

- 

UN02 

4 

moH 

= 

muo 

4 

mo2 

= 

uuoz 

4 

M 

= 

mwo 

4 

moH 

* 

mu 

4 

moH 

* 

UN 

4 

1*02 

- 

muo 

4 

1 *N 

= 

2XUO 



= 

mu2 

4 

mo 

= 

mti2 

4 

mo2 


2*110 



= 

mu2 

4 

moH 

* 

UHN02 

4 

1 * M 

= 

UHN03 

4 

M 

= 

mHN02 

4 

M 

* 

1*H2 

4 

muo 


mHito 

4 

h 


mH20 

4 

muo 


4.00000EM1 

0 . 0000 

2800 00 

1 .20000EU3 

0 . 0000 

0 . 00 

2.50000EH4 

0 .0000 

6000 . 00 

1 . OOOOOEi 14 

0.0000 

9000 00 

1 .0U00QEU4 

0 . 0000 

8500 . 00 

3.20000EU3 

0 . 0000 

1 0 0 0 . OQ 

3 . 7 OOOOE 4 12 

0.0000 

0 .00 

2 . 00000E4 1 3 

0 . 0000 

0.00 

1 . 00000E4 1 3 

0 . 0000 

0 . 00 

2 . OOOOOE4 1 3 

0 . 0000 

0 . 00 

1 60000E413 

0 . 0000 

9 9 1 \ 0 . 0 0 

2 . OOOOOE4 1 2 

0 . 0000 

0.00 

5.00000EH l 

0 . 5000 

2000.00 

2.09000EH2 

0 .0000 

-477 . 00 

1 .00000EH3 

0 .0000 

596 . 00 

5.62000E415 

0 .0000 

-1160.00 

3 . 47 000E + 1 4 

0 . 0000 

1470.00 

2.6300QEH4 

0 . 0000 

5041 0.00 

3.BO000EI09 

1 . 0000 

41370. DO 

1 .BOOOOE414 

0 . 0000 

76250,00 

4 . OOOOOEM2 

0 . 0000 

0 . 00 

6 . 92000E < 2 3 

-2 . 5000 

65000 . 00 

1 . OOOOOEi 14 

0 0000 

28020 .00 

6 92000 E ♦ 1 3 

0 . 0000 

26630 00 

7 . 59000EH 3 

0 . 0000 

15100. 00 

2 . 40000E 113 

0.0000 

29000.00 

3 , OOOOOEi 1 5 

0 .0000 

-3800 . 00 

5.60000EU 5 

0 . 0000 

- 1 700 .00 

5. 00000EU2 

0 . 0000 

0 00 

5.40000EH5 

0 . 0000 

-600 . 00 

3 . 6 0 00 0 EH 3 

0 . 0000 

0 . 00 


ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M(H2 

, 93) - 

2.30000 

M(Q2 

, 95) - 

1 . 30000 

M< H2 

, 96) = 

4 . 00000 

M(C02 

. 96) = 

4 . 00000 

MCN2 

, 98) - 

2 . 00000 


M( 02 

, 93) = 

0.78000 

M(N2 

, 95) 3 

1 . 30000 

M( 02 

, 96) = 

1 . 50000 

M(H2 

, 98) = 

4 . 10000 

M(02 

,129) = 

0 .70000 


M1H20 

, 93) 

3 6.00000 

M(H20 

, 95) 

3 21 . 30000 

li( H20 

, 96) 

3 20.00000 

M< 02 

, 98) 

= 2.00000 

M< H2 

>129) 

3 1.40000 


M( H202 

, 93) = 

6 

.60000 

M(C02 

, 95) - 

7 

. 00000 

M< N2 

, 96 ) = 

1 

. 50000 

M(H20 

, 9 8) = 

15 

. 00000 


X* EQUILIBRIUM CALCULATION *« 


THERMODYNAMIC EQUILIBRIUM COMBUSTION PROPERTIES AT ASSIGNED ENTHALPY AND PRESSURE 


INITIAL STATE FINAL STATE FINAL/INITIAL RATIO 


PRESSURE 

(ATM) 

1.7300 

1.7300 

1.0000 

VELOCITY 

0 . 00 



CCM/5EC) 

0.00 

1.0000 

DENSITY 

(G/CM**3) 

3.49869E-04 

2.30793E-04 

0.6597 

TEMPERATURE 
(DEG K) 

1700 . 00 

2553.11 

1.5018 

ENTHALPY 

(CAL/G) 

379.22696 

379.22711 

1 .00000 

INTERNAL ENERGY 
(CAL/G) 

259.48010 

197.69731 

0.76190 

SP. HEAT (CP) 
CCAL/G/DEG K) 

0.32691 

0.54085 

1 .65441 

ENTROPY 
(CAL/G/DEG K) 

2.1420 

2.3097 

1.0783 

MACH NUMBER 

0.0000 

0.0000 

1 . 0000 

GAMMA 

1.2746 

1.1514 

0.9033 

SONIC VELOCITY 
(CM/SEC) 

79913.95 

94814.24 

1.1865 


SPECIES 

MOLE FRACTION 

CH4 

2. 79483E-10 

CH3 

2.79483E-10 

H 

1.00214E-03 

H2 

1 .76Q22E-03 

02 

8 . 94256 E-02 

H02 

1 .55944E-05 

0 

4.23158E-03 

OH 

1 .15976E-02 

H20 

9.05405E-02 

CH30 

2.79483E-10 

CH20 

2.79483E-10 

C2H6 

2.79483E-10 

C2H5 

2.79483E-10 

C2H4 

2.79483E-10 

CH2 

2.79483E-10 

C2H3 

2.79483E-10 

C2H2 

2 . 79483E-10 

HCO 

2.79483E-10 

C2H20 

2.79483E-10 

C2H 

2.79483E-10 

CO 

5.35472E-03 

C2H0 

2.79483E-10 

CH 

2.79483E-10 

CD2 

4.39498E-02 

H202 

2 . 72872E-07 

N2 

7.36205E-01 

HCN 

2.79483E-10 
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TABLE D.2. — Continued, 
(f) Continued. 



N 

3.06077E-07 


CN 

2 . 7 9483E-1 0 


HNCO 

2.79483E-10 


NCO 

2.79483E-10 


NH2 

2.79A83E-10 


NO 

1.59036E-02 


NH 

4.66032E-08 


N02 

1 . 16681E-05 


N20 

1.13359E-06 


HN02 

2.41994E-07 


HN03 

2 . 7 9483E-1 0 


HNO 

3.58947E-07 

MIXTURE MOLECULAR WEIGHT 


27 .94827 

D( LOG VDLUME)/D(LOG T) 
AT CONSTANT P 


1.0999 

D( LOG VOLUME)/DCLOG P) 
AT CONSTANT T 


-1.0039 


COMPUTATIONAL WORK REQUIRED FOR EQUILIBRIUM CALCULATION! 
NO. OF ITERATIONS = 15 CPU TIME = 7.999992E-02 5 


XX INITIAL CONDITIONS XX 


TIME O.OOOOOE+OO SEC 


AREA 1.0D000E+03 SQCM 


AXIAL POSITION O.OOOOOE+OO CM 


FLOW PROPERTIES INTEGRATION INDICATORS 


PRESSURE 

1.73000 

STEPS FROM LAST PRINT 

0 

(ATM) 

VELOCITY 

159827.88 

AVERAGE STEP SIZE 

0 .OOOOOE+OO 

(CM/SEC) 

DENSITY 

3.49869E-04 

METHOD ORDER 

0 

CG/CM**3> 

TEMPERATURE 

1700.00 



(DEG K> 

MASS FLOW RATE 

5 . 59188E+04 

TOTAL NUMBER DF STEPS 

0 

(G/SEC) 

ENTROPY 

2. 1920 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K) 
MACH NUMBER 

2.0000 

JACOBIAN EVALUATIONS 

0 

GAMMA 

1 .2746 



ENTHALPY 

3 . 79227E+02 



(CAL/G) 

SP. HEAT (CP) 

3.26913E-01 




(CAL/G/DEG X) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

FATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 


(MOLES/CM**3) 


RATE (MQLE/CM**3/SEC) 

NUMBER 

CGS UNITS 

(CAL-CM*X3/G*»2/SEC) 

TIVE DIR RATE 

CH4 

6 . 17216 E-07 

4.97680E-02 

-1 .50903E-05 

1 

9 .7244E+05 

6 . 37423E+06 

1 . 00000 

CH3 

0 . OOOOOE+OO 

0 . OOODOE+OO 

1 .50903E-05 

2 

3 .7 198E+12 

O.OOOOOE+OO 

0.00000 

H 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

7 . 44369E-06 

3 

5 . 01 80E+06 

3.32443E+06 

1 . 00000 

H2 

0 . OOOOOE+OO 

O.OOOOOE+OO 

O.OOOOOE+OO 

4 

5. 9162E+12 

O.OOOOOE+OO 

0 .00000 

02 

2 . 46886E-06 

1 . 99 D72E-0 1 

-8.05210E-Q5 

5 

5 . 6736 E+l 2 

0 . OOOOOE+OO 

0 .00000 

H02 

0 . ODOOOE+OO 

0 . OOOOOE+OO 

7 .64658E-06 

6 

4 . 9334E+09 

0 .OOOOOE+OO 

0 .00000 

0 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

7 . 28745E-05 

7 

6. 3000E+12 

0 . OOOOOE+OO 

0 .00000 

OH 

O.OOOOOE+OO 

0 .OOOOOE+OO 

O.OOOOOE+OO 

8 

9 . 9825E+10 

0 .OOOOOE+OO 

0 .00000 

H20 

0 .OOOOOE+OO 

0 . OOODOE + OO 

O.OOOOOE+OO 

9 

1 .2247E+13 

0 . OOOOOE+OO 

0 .00000 

CH30 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

O.OOOOOE+OO 

10 

7.4740E+12 

0 .OOOOOE+OO 

0 . 00000 

CH20 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

O.OOOOOE+OO 

11 

L . 1064E + 13 

0 .OOOOOE+OO 

0 . 00000 

C2H6 

O.OOOOOE+OO 

O.OOOOOE+OO 

O.OOOOOE+OO 

12 

3 . 06 90E+1 3 

Q .OOOOOE+OO 

0.00000 

C2H5 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

13 

l . 0344E+ 1 3 

0 . OOOOOE+OO 

0 . 00000 

C2H4 

O.OOOOOE+OO 

0 . OOOOOE+OO 

O.OOOOOE+OO 

14 

4 . 5524E+1 1 

0 . OOOOOE+OO 

0.00000 

CH2 

O.OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

15 

4 . 8000E+1 3 

O.OOOOOE+OO 

0.00000 

C2H3 

O.OOOOOE+OO 

0 . OOOOOE+OO 

O.OOOOOE+OO 

16 

2 . 000QE+13 

0 . OOOOOE+OO 

0.0 0 0 00 

C2H2 

0 . OOOOOE+OO 

O.OOOOOE+OO 

0 . OOOOOE+OO 

17 

7 . 3247 E+ 12 

0 . OOOOOE+OO 

0.0 0 0 0 0 

HCO 

O.OOOOOE+OO 

0 . 00000 E+ DO 

0 . OOOOOE+OO 

18 

1 .6606E+07 

O.OOOOOE+OO 

0.0 0 0 0 0 

C2H20 

0 . OOOOOE+OO 

0 . OOOOOE+DO 

O.OOOOOE+OO 

19 

3.3351E+12 

0 . OOOOOE+OO 

0.0 0 0 0 0 

C2H 

O.OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

20 

1 .5053E+12 

O.OOOOOE+OO 

0.00000 

CO 

O.OOOOOE+OO 

O.OOOOOE+OO 

O.OOOOOE+OO 

21 

2. 36 18E+1 2 

O.OOOOOE+OO 

0.00000 

C2H0 

O.OOOOOE+OO 

O.OOOOOE+OO 

O.OOOOOE+OO 

22 

5 . 6 904E+ 1 2 

0 . OOOOOE + OO 

0 .00000 

CH 

O.OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

23 

2 . 3080E+1 1 

0 . OOOOOE+OO 

0.00000 

C02 

O.OOOOOE+OO 

0 . OOOOOE+OO 

O.OOOOOE+OO 

24 

4 . 2857 E+l 2 

0 . OOOOOE+OO 

0 . 00000 

H202 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

25 

6 . OOOOE+l 2 

O.OOOOOE+OO 

0.00000 
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TABLE D.2. — Continued. 
(0 Continued. 


112 

9. 31 578E-06 

7.51 160E-01 

-1 . 20855E-1 1 

HCN 

0 . 0D000E t 00 

0 . OOOOOE * 00 

0 . 0000 OE *00 

II 

0 . OOOOOE+OO 

0 . OOOOOE * 00 

0 . 0000 OE*OQ 

CN 

1 .29019E-12 

1 . OOOQOE-07 

-7.28799E-05 

IIIICO 

Q . 00 00 0 E + 00 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

IICO 

0 . OOOOOE + 00 

0 . OOOOOE* 00 

7 28 7 99 E- 0 5 

mi 2 

0 .OOOOOE+OO 

0 -OOOOOE*OQ 

0 OOOOOE+OO 

N(J 

0 . OOOOOE + OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

IIH 

0 . OOOOOE+OO 

0 OOOOOE+OO 

0 . OOOOOE+OO 

MUZ 

0 . 000 0 0E+ 0 Q 

0 . OOQOOE*QQ 

0 OOOOOE+OO 

N20 

0. 000006+00 

0 .OOOOOEtOO 

1 20855E-11 

HIIOZ 

0 OOOOOE+OO 

0 . 000 0 OE* 0 0 

0 . OOOOOE+OO 

mios 

0 . OOOOOE+OO 

0 . OOOOOE* 00 

0. OOOOOE+OO 

UNO 

0 . 00 0 0 0E+ 0 0 

0 . OOOOOE* 00 

0 . OOOOOE+OO 


DEK I VAT IVES (CGS UNITS). T -5.12217E02 RHO 


26 

3. 3D00E+1 3 

D . OUUUOE* OQ 


27 

5. 000QEU2 

0 . 000006*00 


28 

3. OOOOE + l 3 

0. OOOOOE+OO 


29 

3. OOOOEi 1 3 

0. OOOOOE + OO 


30 

7 . 37 OOE * 02 

0 . OOOOOE * 0 0 


31 

8 . 5690E * 1 2 

0. OOOOOE+OO 


32 

1 . 7096E + 13 

O.OOOOOEi 00 


33 

7 . 9329E + 1 1 

0. OOOOOE+OO 


39 

3.0160E+11 

0. OODOOE + OO 


35 

3.2072E+13 

0. OOOOOE+OO 


36 

2 . DOOOE * 1 3 

0. OOOOOE+OO 


37 

6 . 9656 E * 1 1 

0 . OOOOOE* 00 


38 

1 . 2020E * 1 2 

0 . OOOOOEtOO 


39 

1 . OOOOEi 1 3 

0 . OOOOOE* 00 


90 

5 . OOOOE+ 1 3 

0 OOOOOE+OO 


91 

3.0000E+13 

0. OOOOOE* 00 


92 

5 . 5320E * 1 2 

0. OOOOOE* DO 


93 

1 . OOOOE+13 

0 . OOOOOE+OO 


99 

2 .8000E* 13 

0 . OOOOOE+OO 

0 

95 

3 . 08 59E * 1 2 

0 . OOOOQE * 00 

0 

96 

9.0962E+12 

0 . OOOOOE + OO 

0 

97 

7 . 0291 E * 1 2 

0. OOOOOE + OO 

0 

98 

9.6827E+12 

0 . OOOOOE + OO 

0 

99 

2 00 DOE * 1 3 

0. OOOOOE+OO 

0 

50 

3.8682E+06 

0 . 000006*00 

0 

51 

5 . OOOOE + 1 3 

0 . 000006*00 

0 

52 

1 . 1979CI 12 

0.000006*00 

0 

53 

2. OOOOEi 13 

0.000006*00 

0 

59 

1 . 9307E* 06 

0 . OOOOOE * 00 

0 

55 

2. 1031E+] 3 

0.000006*00 

0 

56 

7.67 35E * 1 2 

0. OOOOOE + OO 

0 

57 

1 . 2 38 3E * 1 3 

0. OOOOOE+OO 

0 

58 

6.9803E+10 

0 . OOOOOE + QO 

0 

59 

1 2369EH3 

0 . OOOOOE* UO 

0 

60 

2 . OOOOE* 1 3 

O.OOOOOE* 00 

0 

61 

3 . 266 3E * 09 

0.000006*00 

0 

62 

1 . 9 580 E t 10 

0.000006+00 

0 

63 

1 -9892E* 10 

0.000006*00 

0 

69 

1 . 9 58 OE i 1 0 

0 . OOOOOE* 00 

0 

65 

3 . 7 00 0 E i 1 2 

0 . OOOOOE* 00 

0 

66 

1 . OOOOE * 1 3 

0. OOOOOE* DO 

0 

67 

2 6268E+12 

0. OOOOOE+OO 

0 

68 

1 .7601E+IQ 

0. OOOOOE+OO 

0 

69 

3. 5950E+12 

0. OOOOOE+OO 

0 

70 

1 . 391 3E * 1 3 

0 . 000006*00 

0 

7 1 

5 . OOOOE ♦ 1 2 

0.000006*00 

0 

72 

9 . OOOOE* 1 3 

0 . OOOOOE *00 

0 

73 

3.Q0Q0E+13 

0. OOOOOE+OO 

0 

79 

3. OOOOE* 13 

0 . OOOOOE+OO 

0 

75 

3. OOOOE *13 

0 . OOOOOE+OO 

0 

76 

2.0000E+13 

0 . OOOOOE* 00 

0 

77 

2 . 8869E * 1 2 

0 . OOOOOE* 00 

0 

78 

7 . 1305E+19 

0 . OOOOOEtOO 

0 

79 

1 , 8992E * 06 

0 .OOOOOE+OO 

0 

80 

3.1015E+11 

0 . OOOOOEtOO 

0 

81 

6 . 96 36 E + 1 0 

0. OOOOOE+OO 

0 

82 

2 . 96 1 6 E * 1 1 

0.000006*00 

0 

83 

1 . 9726 E * 1 2 

O.OOOOOE* OD 

0 

89 

7 . 1?08E*12 

0.000006*00 

0 

85 

3 . 6799E+ 1 3 

0 . OOOOOE* 00 

0 

66 

3.7189E+13 

0 .OOOOOE + OO 

0 

87 

8 . OOOOE+12 

D OOOOOEtOO 

0 

86 

9 . 7622E * 1 3 

0.000006+ 00 

0 

69 

9 . 8 329 E *10 

0 . 000006+00 

0 

90 

3 . 9998 E * 1 2 

0 . OOOOOEtOO 

0 

91 

1 .8000E* 12 

0. OOOOOE+OO 

0 

92 

7 . 8 000 E * 1 1 

0 .000006+00 

0 

93 

2 . 0 30 7 E ♦ 1 l 

0. OOOOOE+OO 

0 

99 

7.7952E+12 

0. OOOOOE+OO 

0 

95 

1 . 96 30E * 1 5 

0 . OOOOOE* 00 

0 

96 

3 .95626*01 

0. OOOOOE+OO 

0 

97 

9 . 1765E* 1 5 

0. OODOOE+OO 

0 

98 

1 .00166*02 

0. OOOOOEtOO 

0 

99 

7 . U75E 01 

2.120506*01 

1 

100 

3.60906*08 

0 . OOOOOE * 00 

0 

101 

1 . 2997 E * 1 3 

0 . OOOOOE * 00 

0 

102 

1 9798EH 1 

0 . OOOOOE * 00 

0 

103 

1 7962E+11 

0 . OOOOOE * 00 

0 

109 

1 2000E+ 13 

0 . OOOOOE i 00 

0 

105 

9 . 2329E *13 

0 . OOOOOEtOO 

0 

106 

6 . 9656E* 1 2 

0 .OOOOOEtOO 

0 

107 

8 0770Etl 2 

0 .OOOOOEtOO 

0 

108 

2. 38Q1EH 3 

-3 . 7 7769E* 06 

1 

109 

3 700061 12 

0. OOOOOEtOO 

0 

110 

2. OOOOEi 13 

0 . 000006+00 

0 

111 

1 . OOOOE+l 3 

0 . OOOOOE* 00 

0 

112 

2. OOOOE+13 

0. OOOOOE+OO 

0 

113 

6 9381E + U 

0. OOOOOE+OO 

0 

119 

2. OOOOE + 12 

0. OOOOOE+OO 

0 

115 

1 . 1905E + 13 

O.OOOOOE* 00 

0 

116 

2.9070E* 12 

0. OOOOOE+OO 

0 

117 

6 . 3826 E + 1 2 

0. OOOOOE+OO 

0 

118 

7 .9225E* 15 

0. 000006+00 

0 

119 

2.2957E* 19 

0. OOOOOE+OO 

0 

120 

6 .69586*07 

0 . OOOOOEtOO 

0 

121 

3. 1 026 E * 07 

0. OOOOOE+OO 

0 

122 

2.83566*09 

0. OOOOOE+OO 

0 

123 

9.000061 12 

0 OOOOOE* 00 

0 

129 

2 . 5566 E * 07 

0. OOOOOEtOO 

0 

125 

2. 9991 £+10 

7.80 528 E + 00 

1 

126 

2.6097E+1Q 

0. OOOOOE+OO 

0 

127 

8 .68 976*11 

0. OOOOOE+OO 

0 

128 

9 . 987 5E * 09 

0 . OOOOOEtOO 

0 

129 

9.2399EH5 

0 . OOOOOEtOO 

0 

130 

9.26276*15 

0 . OOOOOEtOO 

0 

131 

5. OOOOE* 12 

0 .OOOOOEtOO 

0 

132 

6 . 99956*15 

0 . OOOODC+OU 

0 

133 

360006*13 

0 . 000006*00 

a 

9. 22781E 

-09 V 

0 OOOOOLt UO 



MIXTURE MOLECULAR WEIGHT 28.21102 


TOTAl ENERGY EXCHANGE RATE 5.921Q5E+Q6 
<CAL-CM**J/Gii*2/SEC) 


MASS FRACTION SUM 1.00000000 


CPU TIME FUR INITIALIZATION 


OF ISENS = 


2.390000 S 


> . OODDO 
i . 00000 
) . 00000 

> . 00000 
> . 00000 
) . 00000 
I . 00000 
) .00000 

1 . 00000 
I . 00000 

I . ooooo 
I . ooooo 
I . ooooo 
l ooooo 

1.00000 
l . ooooo 
I . ooooo 
i . ooooo 
i ooooo 
I . ooooo 
I . ooooo 
I . ooooo 
> ooooo 

. ooooo 
ooooo 
i . ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
ooooo 
. ooooo 
ooooo 
ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
.00000 
. ooooo 
. ooooo 
ooooo 
. ooooo 
ooooo 
ooooo 
. ooooo 
ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
.00000 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. uoooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
ooooo 
.00000 
. ooooo 
. ooooo 
. ooooo 
. ooooo 

. OOODO 

. ooooo 
. ooooo 
ooooo 
. ooooo 
ooooo 
. ooooo 
. ooooo 
ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
. ooooo 
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TABLE D.2.— Continued, 
(f) Continued. 


TIME 2 . 99Q66E-Q9 SEC 
FLOW PROPERTIES 


AREA 1 .959836+03 SO CM 


AXIAL POSITION 9. 700006+01 CM 


PRESSURE 
( ATM) 

1 .73000 

VEL UCITY 
(CM/ SEC) 

159827.88 

DENSITY 

(G/CM**3) 

2. 92993E-09 

TEMPERATURE 
( DLG K > 

2389.90 

MASS FLOW RATE 
(G/SEC) 

5 59 1 88 E * 09 

ENTROPY 
(CAL/G/DEO K> 

2.3063 

MACH NUMBER 

1 .6673 

GAMMA 

1.2738 

ENTHALPY 

<CAL/G) 

3 . 79227E+02 

$P HEAT (CP) 

3 . 356306-01 


I 111 6GRAT I Oil INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


.263166*00 

3 


TOTAL 

NUMBER OF STEPS 

187 

FUNCT 

EVALUATIONS 

289 

JACOBIAN EVALUATIONS 

36 


(CAl/G/DEG K > 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
(MOL L S/CM* * 3 ) 

MOLE FRACTION 

CM 9 

5.739936-11 

6 . 500816-06 

CM3 

1.1291 3E09 

1 . 27992E-09 

H 

9.220126 08 

9 78370E-05 

HZ 

3 80903E-08 

9 . 31771E-03 

02 

8 .6278/6-07 

9 . 78Q09E 02 

M02 

1 .7 3505E- 10 

1 . 96 676E-05 

l) 

1 . 08953E-07 

1 . 23503E-02 

DH 

1 . 98896E 07 

l .667296*02 

H20 

7 . 21783E-07 

8 . 1B173E-02 

CM 30 

6 . 20209E-12 

7 03035E-07 

CH20 

1 76259E- 1 1 

1 ,997 98 6- 06 

CZM6 

7 199196 -19 

8 098216- G9 

C2I15 

5 899656 16 

6 6251 7 E * 1 1 

C2H9 

3 3535SE13 

5.77876608 

CH2 

1 017256 ll 

1 . 1 530SE-Q6 

C2H 3 

1 . Q9283E-19 

1 . 238 7 7 E - 09 

C2H2 

5 . 96 39 9 E - 1 4 

6 760956-09 

MCO 

l 0/6726* 12 

l . 22051E 07 

C2H20 

l 7 299 3E 19 

1 95529E 09 

C2H 

3 98576E-16 

3 951266 11 

CO 

1 51 702607 

1 . 99 29 1 1 - D2 

C 2M 0 

7 69025E19 

8 66057E-D9 

CM 

2 1 53D1E12 

2 91787607 

coz 

2 95/956 07 

3 35291 6 02 

11/02 

9 95871t 12 

1 . 12886E-06 

(12 

6 . 969/26 06 

7 . 355736 01 

HCN 

3 . 993206 l 3 

3 .959/06 GS 

H 

1 . 05796E-12 

l . 19929E-07 

CN 

2 . 2 58 6 0 L 15 

2 56Q25E-1U 

UNCO 

5 . 036986-19 

5 7Q965E-Q9 

(ICO 

1,998896-19 

1 69906E-D9 

MM2 

2 26958E12 

2 589676-07 

NO 

6 .27/21 E- 10 

7 , 1 1 550E 05 

MM 

6 72976E-19 

7 6225 2E -09 

NO 2 

9 167 56 E- 1 3 

9 . 7291 1 E -08 

N20 

6 52989E - 1 2 

7 . 39626E-07 

HN02 

2 69396E-19 

2 99705E- 09 

UNO 3 

3.08559E-18 

3 . 99766E-13 

UNO 

8 . 95398E- 19 

1 . 01992E- 08 


NET SPECIES PRODUCTION 
RATE (MOL E/CMKK3/SEC) 
-5.57793E~06 
-I . 191666-09 
-5.23959E-09 
-2 . 3071 5 E— 0 <i 
-1 . 05959E-03 
-5 .68861 E-07 
-8 . 58925E-09 
-1 . 29853E-09 
7 . 9366 5E-09 
-5. 27735E-07 

- 1 , 531 16E-06 
6 . 99D69E-08 
2.69853E-09 

-7 66669E-08 
-9 .92699E-07 
-1 . 52066E-Q9 

- 1 782B9E-0B 
-9 . 31583E-08 
-2 85693E-09 
-1 . 06 1 99E-10 
-2. 08 396E - 0 3 
-2. 0Q198E-08 
-2 1 7 197 E 07 

2 207 19E03 
-1 . 6926 7 E - G 7 

- 1 . 57072E-05 
-2 72929E-08 

1 . 505856-05 
-1 .7 1786 E* 1 0 
-1 . 39 1 9 OE-09 
-9 . 9299 0E- 1 0 
9.925766-09 
2. 73613E-05 
1 2 5 35 1 E- 09 
1 . 92319E-08 
1 . 75917E-08 
7 . 59600E-1Q 
9 . 6951 7E-19 
1 93791E-09 


REACTION 

NUMBER 

1 

2 

3 

9 

5 

6 

7 

8 
9 

10 
11 
12 
1 3 
19 

15 

16 

17 

18 

19 

20 
21 
22 
23 
29 

25 

26 

27 

28 

29 

30 

31 

32 

33 


RATE CONST 
CGS UNITS 


NET ENERGY EXCHANGE RATE 
(CAL CM**5/G**2/SLC ) 


1 . / 9 3 3E * 09 

-5.21889E*07 

1 0289E* 13 

9.995696*09 

6 . 0086 E+ 08 

-7 . 6 30 59 E * 09 

1 .6)066+13 

7 996856*05 

8 .7G59E* 12 

3 1 83696*06 

5. 7219EU0 

1 , 169876*06 

6 . 3000EM2 

8.813816*06 

6 . 0059E+11 

1 . 191 17E* 07 

1 06876+1 3 

-1,1 1 OOOE i 06 

1 . 7 1 21 Et 1 3 

-5 389236*03 

2. 1 6 38 Et 1 3 

-1 2299 OE i 09 

9 19606*13 

- 1 580566*05 

1 , 96261* 1 9 

9 . 309926*05 

6 . 9 7 9 0 E * 1 1 

- 7 . 57 558E *01 

9.80006*1 5 

-1 .309256*03 

2 . OOOOE * 1 3 

-2.931856*05 

1 . 7512E* 13 

- 1 . 027006* 09 

1 .9 56 IE* 10 

3 023666*09 

3.70986*12 

5 . 9 3 56 9 L ♦ 0 9 

1 . 639QE+12 

-2 001951 *09 

2 60126*12 

- 9 . 29 39 31 *09 

8 .72386*12 

-3.972/26*09 

3, 5597E+12 

2 5586 9 E* 05 

9 1 9 5 1 E * 1 2 

5 321656*09 

6 00006 i 1 2 

2.8 19091 * 05 

3 3000E * 1 3 

5 3893/6*09 

5.00006*12 

- 1 .0 3 38 7 6*09 

3 . 00006* 1 3 

-3.66939E*00 

3 . OOOOE* 1 3 

-l .6 05596 09 

6.89266*06 

- 6 . 112586*00 

1 99 59 E * 1 3 

-L . 098 L9E + 05 

9 . 2 387 E * 1 3 

- 1 0/208E* 05 

l .9928E* 12 

1 69036E *03 

3.06806*11 

-1 . 03891E + 03 


NET NA1E/P0S1- 
TIVE DIR RATE 
0 97006 
017311 
0.79010 
0.17599 
0.17575 
0 0931 0 

0 09199 

1 00000 
0 05369 
0 .99996 
0 . 99996 
0 99996 
0 87082 
0 98512 

0 . 99680 
0.99901 
0 . 99919 

1 . 00000 
0 . 99920 

0 99198 

1 .0000 0 
0.99997 

0 998 38 

1 .00000 
0 . 99 9 96 
l . OUOOU 
0 . 99996 
0 9908 3 
0.99921 
0 5099/ 
0.99911 
0.99517 
0.99969 
0.98766 


35 

3 6959E* 13 

-5.010016*03 

0 86990 

36 

2.00006*13 

-7 . 28677E* 02 

0 66916 

37 

8 .62956*11 

-7 . 89669E * 0 9 

1 .00000 

38 

1 . 2020E* 12 

-1 . 6 7 39 5E * 09 

1 00000 

39 

] .00006*13 

-5.203696*09 

1 . 00000 

90 

5.00006*13 

-5 .85659E* 09 

0 86955 

91 

3.00006* 1 3 

-5. 75628E*01 

0 99998 

92 

6 5630EU2 

-2.529756*00 

0.99999 

93 

1 . OOOOE* l 3 

7 97799E-02 

] . 00000 

99 

2 . 6000 E * 1 3 

- 1 8 52 7 7 E * 09 

0 .99986 

95 

3 . 9877E* 12 

- 1 . 351796*03 

0 99621 

96 

5.9903E* 12 

3.911176*09 

0 93977 

97 

1 3915E+1 3 

-1 .679796*02 

0 .999 9 9 

98 

9 .27676*12 

-9 . 9 3695E* 01 

0 . 996 37 

99 

2 . 00006*1 3 

-6 .510356+09 

1 . DOOOO 

50 

6 .51916*10 

-2 509376*09 

0 6 589 l 

51 

5 OOOOE *1 3 

2 . 352336*03 

0 998 7 7 

52 

2 2096E* 12 

-6 . 227986*06 

1 00000 

53 

2. OOOOE* 13 

-7 . 92099 E * 06 

1 . 00000 

59 

1 9577E* 09 

9 .61 33 1 E * 0 5 

0 .99203 

55 

2. 33Q2EH 3 

-3 0Q312E* 07 

0 . 99980 

56 

1 .079 16*1 3 

-1 .903096*06 

0 . 99980 

57 

1 .67 196 *1 3 

-6 59553E * 06 

0 99980 

58 

1 . 38206 *1 1 

-6.807596*02 

0 . 99976 

59 

1 .96666*1 3 

-2.690036 * 09 

0 . 99999 

60 

2 . 00006* 1 3 

-1 166266*06 

0 79507 

6 1 

8 19336*07 

1.298176*06 

0 82366 

62 

2.21156*11 

9.699396*05 

0 9956 3 

63 

1 .682) 6* 1 1 

2 . 5952 3fc * 06 

0 99565 

69 

2.21156* Ll 

-6 . 005566*06 

0 99565 

65 

3.7000E* 12 

-2 . 528676*06 

1 00000 

66 

1 . 00006* 1 3 

-2 . 295566*07 

1 00000 

67 

5.6953E* 12 

- 5 076 38 6 * 07 

D 99999 

68 

2 . 0256 E * 1 1 

-2.072996*03 

0 . 9 3058 

69 

7 05706*12 

-2 , 9906 06 * 06 

0.93056 

70 

2.60336* 1 3 

-9 3)8216*05 

0 95059 

7 1 

5 . OOOOE * ) 2 

6 172801*02 

0 . 99982 

72 

9 OOOOE * 1 3 

-9 1986 06 * 03 

1 . 00000 

7 3 

3 OOOOE* 1 3 

1 . 6 8 Q 7 5£ * 0 7 

0.98053 

79 

3 OOOOE * 1 5 

-5.167006*06 

0.99583 

7 5 

3.00006*13 

8 92790E * 06 

0 . 99 58 3 

76 

2 . OOOOE* 1 3 

l . 3628 36*06 

0 99582 

77 

l . 0929E » 1 3 

2 233516*07 

0 8 31 0 5 

78 

1 . U122E* 15 

2 .71 3286*08 

0 .98309 

79 

1 0685E *08 

5 . 3 1 1 2 36 1 0 5 

0 .31 587 

80 

3 37826*1 1 

- 8 .713896 * 08 

0 51268 

81 

9 6 0026 * 1 1 

-8 932206* 06 

0 85306 

82 

1 92266*1 2 

9 .6981 96* 06 

0 00030 

83 

5 98D3E* 12 

1 . 07 5606 l 08 

0 00179 

89 

2 . 321 9 6 • 1 3 

1 .061206*07 

0 00398 

65 

9.65281 *13 

-2 . 38 28 1 L * 08 

0 78509 

86 

9.05066*13 

-5 170516*08 

0 78589 

87 

8.00006*12 

-1 .858996*08 

0.78578 


44 



TABLE D.2. — Continued, 
(f) Concluded. 


DERIVATIVES (CGS UNITS)* 
MIXTURE MOLECULAR HEIGHT 


08 

1 0697EU4 

-3 . 54242E+08 

09 

6 0925EH1 

-6 49419E4 06 

90 

4.5140EH2 

~3 . 40 1 83E4 06 

91 

1 .8000EHZ 

2.51645E+04 

92 

7.8000E+11 

- 3 . 64 00 1 E* 0 5 

93 

9.9219E+12 

“2 . 277 74E » 07 

96 

1 3126Etl3 

-6 .02175E«07 

95 

1 8022EH5 

-1 . 39274E + 09 

96 

3 . 1 562E< 05 

-4 . 94529E* 08 

97 

2.9708EM5 

-2 . 037 04E* 04 

90 

3. 66 00 E ♦ 05 

- 2 . 55654E+ 07 

99 

1 .Z142E<04 

-7 . 35703E l 06 

100 

1 .8302E*09 

1 . 4 0 1 1 1 Et 0 3 

101 

1 .9655EU3 

5 . 62600E < 03 

102 

7 . 9062E* 1 1 

9 . 94915E* 03 

103 

2.2182EM 1 

-2.551 32E* 03 

1 06 

1 .2QQ0EU3 

-3.84964E+03 

105 

7 .0673EU3 

-5.09U7E103 

106 

1 .5031EH3 

4 . 9 1 8 1 7E* 02 

107 

1 6699E+13 

-1 . 406 36E* 03 

108 

2 . 5924E ♦ 1 3 

-2 .97597E»03 

109 

3 7000EH2 

2.47640E<01 

no 

2 . OOOOE+ 1 3 

-5.6 5642E ♦ 04 

111 

1 0000EM3 

-4 73399E- 01 

112 

2.000QEM3 

-7 62823E403 

113 

1 9730E+12 

-1 .0O925EiO3 

116 

2.0000EU2 

-3 . 262B3E+03 

115 

1 . 6042EH 3 

-6 .77672E«05 

116 

2.31O0EM2 

-2.1 5031 E*02 

117 

8 8206EU2 

-2.44031E»05 

118 

7 . 1749EM5 

-4.7 535 3E » 06 

119 

2. 5463EU4 

-1 . 7 3284E + 06 

120 

6 .458GE*09 

-6.922UE+06 

121 

1 .4962Et09 

-2.71002E+06 

122 

1 .9I61E*07 

1 .71804E*07 

123 

4 . 000 0 E ♦ 1 2 

-2.30557E+00 

126 

2 . 8 1 89E t09 

-7 . 21 7 04E* 05 

125 

2.7393EM1 

-2.1 2044 E * 05 

126 

2 . 5402 E ♦ 1 1 

-1 .04361E<05 

127 

3. 157AEH2 

-7 . 46260E* 05 

128 

5 . 3486 E* 1 0 

-2 . 79425E ♦ 0 3 

129 

6 . 6776E+1 5 

-8 . ) 27 1 6 E' 02 

130 

40103E+15 

-6.1729IE«03 

131 

5 . OOOOE n 2 

-1 .684I2E* 04 

132 

6 . 1272EU5 

-4.04360EI05 

133 

3 . 6 000 ft 1 3 

-5.451 54E i 05 

1 -02533E 

-06 V 

0 . OOOOOE * 00 


27.5^36 -'•»“****•» MASS FRACTION SUM 


0 . 74621 
0.48170 
0.48207 
0 . 44952 
0 . 97 679 
0.02117 
0.003)0 
084640 
0 . 97532 
0 . 97533 
0.97526 
0.97529 
1 . 00000 
0 . 90930 
0.90961 
0.96 565 
0 . 99976 
0.56738 
0 . 26735 
0.26556 
0 . 56817 

0 . 36167 
0 . 99999 
0.99312 
0 . 99934 

1 . 00000 
0 . 99940 
0 07093 
0 .01066 
0.74358 
0 .48581 
0.78395 
0.98015 
0.98019 
0.99833 
0.99571 
0 86767 
0.81326 
0 . 99999 
0.81357 
0.88529 
O . 01)003 
0.00111 
0 . 96268 
0 .3366 5 
0.96280 


1 . 00000003 


COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP - 3.8000UE 01 S 


UP TO THIS TIME - 1.267001E+01 S 


( L SENS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 


TOTAL NO. OF STEPS - ) 90 
TO [ AL NO. OF DERIVATIVE EVALUATIONS - 209 
TOTAL NO. OF JACOBIAN EVALUATIONS - 37 
TOTAL CPU TIME - 12.710009 


S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


21.950001 S 


(LSENS) READ DATA FOR NEXT CASE 


DATA LINES ** 


CC 12365678901236567890123656789012365678901236567890123656709012365678901236567890 


REPEAT^ METHANE ~ AIR WITH AREA PROFILE OF CASE 6 
DISTANCE AREA 

4prob peon 1 . fa Isa . , combus 2 . fa 1 sa . , 

°' 25 - 0 ' 30 - 0 ' 32 * 0 ' 3 * - 0 ' 36 - 0 ' 37. 0, 38. 0,39. 0,60. 0,61 0, 
62.0,63.0,66.0,65.0,66.0,67.0,68.0, 

"fn7i 1 52°i 2S; ft?*; w; l Sr 0 85 ' 1023 22,1031 *6. 1062.92, 1059.73, 

iSILSI: ISIS : g!:iUS:li : 1350 79 - 137 ‘ 81 - 13,7 > 5 - 

• print 2 1023. 22, 1153. 7 5, 16 39.83, Sand 
Astar t t 2 1 7 00 . 0 , mach 2 2.0, p=1.730, 4and 
0.069768 
0 .199072 
0.75116 
0 . 0000001 


CH6 
02 
N2 
CM 
END 

Asolvar 

FINIS 


*m»x=5.0E-5, atol*p=l . OE-13, Band 
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TABLE D.2. — Continued 
(g) Case 7 


SPECIES 

CH9 

CH3 

H 

H2 

02 

H02 

0 

OH 

H20 

CH30 

CH20 

C2H6 

C2H5 

C2H9 

CH2 

C2H3 

C2H2 

HCD 

C2H20 

C2H 

CO 

C2H0 

CH 

C02 

H202 

M2 

HCN 

N 

CN 

HNCO 

NCO 

NH2 

NO 

NH 

N02 

N20 

HN02 

HN03 

HNO 


XX INITIAL CONDITIONS XX 


TIME 0 . OOQOOE+QD SEC 


AREA 1 , OOOOOE+03 SQ CM 


AXIAL POSITION 0. OOOOOE+OQ CM 


FLOW PROPERTIES 

PRESSURE 

tATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(G'CMx*3) 
TEMPERATURE 
(DEO K ) 

MASS FLOW RATE 
(G/5EC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL'G) 

SP. HEAT (CP) 
(CAL/G/DEG K) 


1.73000 
159827.88 
3.99869E-09 
1700.00 
5. 591S8E+09 
2 . 1420 
2.0000 
1 . 2796 
3 . 79227E+02 
3.26913E-01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 

TOTAL NUMBER OF STEPS 
FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 .OOOOOE+OO 
0 

0 

0 

0 


CHEMICAL PROPERTIES 


CONCENTRATION 

(MOLES/CM*#3) 

MOLE FRACTION 

NET SPECIES PRODUCT 
RATE (M0LE/CMXX3/S 

6 . I7216E-07 

9 . 9768DE-02 

-1 .50903E-05 

0 . OOOOOE+OO 

0. OOOOOE+OO 

1 .50903E-05 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

7 .99369E-06 

0. OOOOOE+OO 

0. OOOOOE + OO 

0 .OOOOOE+OO 

2, 96886E-06 

1 . 99072 E-0 1 

-8 . 0521QE- 05 

0. OOOOOE+OO 

0 .OOOOOE + OO 

7 .69658E-06 

0 . OOOOOE + OO 

0 . OOOQOE+OO 

7 . 287 95E-05 

0. OOOOOE+OO 

0 .OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OQ 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 , OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOO F. + 00 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .0Q00QE+U0 

D . OOOOOE+OO 

0 . OOOOOE+OO 

9 . 315/8E-U6 

7 . 51 160E- 01 

-1.20855E-11 

O.ODOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 . 00000E+U0 

0 . OOQOOE+OO 

0 .OOOOOE+OO 

1 .29019E-12 

1 . Q0000E-07 

-7 . 28799 E- 05 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 - OOOOOE + OO 

7 . 287 99E-05 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 , OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

1 .20855E-11 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0, OOOOOE+OO 

0 . DOOODE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 


REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 

NUMBER 

CGS UNITS 

(CAL-CMXX3/GXX2/SEC) 

TIVE DIR RATE 

1 

9 . 7 299E+05 

6 . 37923E+06 

1 .00000 

2 

3 .7 198E+12 

0. OOOOOE+OO 

0.00000 

3 

5 . 0180E+06 

3 . 3299 3E+06 

1 .00000 

9 

5 .9162E+12 

0 . OOOODE+OO 

0.00000 

5 

5 .6736E+12 

0 . OOOOOE+OO 

0 . 00000 

6 

9 . 9339E+09 

0 . OOOOOE+OO 

0,00000 

7 

6.3000E+12 

0 . OOOOOE+OO 

0 . 00000 

8 

9 . 9825E+1 0 

0. OOOOOE+OO 

0 . 00000 

9 

1 . 2297 E + I 3 

0 . OOOOOE+OO 

0 . 00000 

10 

7 .9790E+12 

0. OOOOOE+OO 

0 . 00000 

11 

1 . 1069E+13 

0 .OOOOOE+OO 

0.00000 

12 

3 . 0690E+1 3 

0. OOOOOE+OO 

0.00000 

13 

1 . 0399E+I3 

0 . OOOOOE+OO 

0.00000 

19 

9 . 5529E+1 1 

0 .OOOOOE+OO 

0 . 00000 

15 

9 . 8000E+13 

0 .OOOOOE+OO 

0 . 00000 

16 

2.0000E+13 

0 .OOOOOE+OO 

0.00000 

17 

7 .3297E+12 

0 . OOOOOE+OO 

0.00000 

18 

1 .6606E + 07 

0. OOOOOE+OQ 

0.00000 

19 

3.3351E+12 

0 . OOOOOE+OO 

0 .00000 

20 

1 . 5053E+12 

0 . OOOOOE+OO 

0 . 00000 

21 

2.3618E+12 

0 . OOOOOE+OO 

0 . 00000 

22 

5 . 6909E+1 2 

0 . OOOOOE+OO 

0 . 00000 

23 

2.3080E+11 

0 . OOOOOE+OO 

0 .00000 

29 

9 . 2857E+12 

0 . OOOOOE+OO 

0 . 00000 

25 

6 . QOOOE+12 

0. OOQOOE+OO 

0.00000 

26 

3. 3000E+13 

0 . OOOOOE+OO 

0.00000 

27 

5 . OOOQE+12 

0 . OOOOOE+OO 

0 . 00000 

28 

3 . OOOQE+1 3 

0. OOOOOE+OO 

0 . 00000 

29 

3 . OOOOE+ 1 3 

0 . OOOOOE+OO 

0 .00000 

30 

7 . 37 OOE+02 

0 . OOOOOE+OO 

0 .00000 

31 

8 . 5690E+12 

0 . OOOOOE+OO 

0 .00000 

32 

1 . 7 096 E+ 1 3 

0 . OOOOOE+OO 

0 . 00000 

33 

7 . 9329E+1 1 

0 .OOOOOE+OO 

0 .00000 

39 

3. 0160E+11 

0 . OOOOOE+OO 

0.00000 

35 

3.2072E+13 

0 . OOOOOE+OO 

0 . 00000 

36 

2 . 0000E+13 

0 .OOOOOE+OO 

0 .00000 

37 

6 . 96 56 E+l 1 

0 . OOOOOE + OO 

0 .00000 

38 

1 .2020E+I2 

0. OOOOOE+OO 

0 . 00000 

39 

1 . 0000E+13 

0 . OOOOOE+OO 

0 .00000 

90 

5.0000E+13 

0. OOOOOE + OO 

0 .0 0 0 0 0 

91 

3.0000E+I3 

0 . OOOOOE+OO 

0.00000 

92 

5 . 5320E+12 

0. OOOOQE + OO 

0.00000 

93 

1 . OOOOE+ 1 3 

0 . OOOOOE+OO 

0 . 00000 

99 

2.8000E+13 

0. OOOOOE+OO 

0.00000 

95 

3 . 0859E+1 2 

0 . OOOOOE+OO 

0 . 00000 

96 

9 , 0962E+12 

0. OOOOOE+OO 

0 . OGOOO 

97 

7 . 0291E+12 

0 . OOOOOE+OO 

0 . 00000 

98 

9.6827E+12 

0. OOOOOE+OO 

0 .00000 

99 

2 . OOOOE+13 

0 .OOOOOE+OO 

0.00000 

50 

3.6682E+08 

0 . OOOOOE+OO 

0.00000 

51 

5. OOOOE+13 

0 . OOOOOE+OO 

0 . OODOO 

52 

1 .1979E+12 

0 .OOOOOE+OO 

0 .0 0 000 

53 

2. OOOOE+13 

0. OOOOOE + OO 

0 . 00000 

59 

1 .9307E+06 

0 . OOOOOE+OO 

0 . 00000 

55 

2.1031 E+l 3 

0. OOOOOE+OO 

0 . 00000 

56 

7 . 6735E+12 

0 . OOOOOE+OO 

0 .00000 

57 

1 . 2383E+1 3 

0. OOOOOE+OO 

0 . 00000 

58 

6 .9803E+1 0 

0. OOOOOE+OO 

0 . 00000 

59 

1 .2369E+13 

0. OOOOOE+OO 

0 . ooooo 

60 

2. OOOOE+13 

0. OOOOOE+OO 

0 . ooooo 

61 

3.2663E+09 

0 . OOOOOE+OO 

0.00000 

62 

1 .9580E+10 

0. OOOOOE+OO 

0 ooooo 

63 

1 . 9892E+1 0 

0 . OOOOOE+OO 

0 . ooooo 

69 

1 .9580E+10 

0 .OOOOOE+OO 

0.00000 

65 

3.7000E+12 

0 .OOOOOE+OO 

0.00000 

66 

1 .0000E+13 

0 .OOOOOE+OO 

0 . ooooo 

67 

2 . 6268E+1 2 

0. OOOOOE+OO 

0 . ooooo 

68 

1 .7601E+10 

0. OOOOOE+OO 

0 . ooooo 

69 

3 . 59 50 E+l 2 

0 .OOOOOE+OO 

0.00000 

70 

1 . 3913E+13 

0 . OOOOOE + OO 

0.00000 

71 

5. OOOQE+12 

0 . OOOOOE+OO 

0 . ooooo 

72 

9. OOOOE + 13 

0 . OOOOOE+OO 

0.00000 

73 

3. OOOOE+13 

0 . OOOOOE + OO 

0 .00000 

79 

3. OOOOE+13 

0 . OOOOOE+OO 

0 . ooooo 

75 

3. OOOOE+13 

0. OOOOOE+OO 

0 . ooooo 
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TABLE D.2. — Continued, 
(g) Continued. 


DERIVATIVES (CGS UNITS) t T 
MIXTURE MOLECULAR HEIGHT 


7.80578E-03 RHO 


76 

2. 0000 E+ 13 

0 . 00000E+Q0 

0.00000 

77 

2 . 8889E+12 

0 . OOOOOE+OO 

0 . 00000 

78 

7 . 1305E+14 

0. 00000E+00 

0.00000 

79 

1 .8492E+06 

0. OOOOOE+OO 

0.00000 

80 

3. 1015E+11 

0. OOOOOE+OO 

0 . 00000 

81 

6 . 48 36 E+ 10 

0 . OOOOOE+OO 

0.00000 

82 

2. 96 16 E+ 11 

0. OOOOOE+OO 

0 . 00000 

83 

1.4726E+12 

0. OOOOOE+OO 

0.00000 

84 

7 . 1708E+12 

0. OOOOOE+OO 

0.00000 

85 

3.8799E+13 

0. OOOOOE+OO 

0.00000 

86 

3 . 7189E+13 

0. OOOOOE+OO 

0 . 00000 

87 

8 . 0000E+12 

0. OOOOOE+OO 

0.00000 

88 

9 . 7622E+13 

0. OOOOOE+OO 

0.00000 

89 

4 . 8 329E+1 0 

0. OOOOOE+OO 

0.00000 

90 

3 . 9948E+12 

0. OOOOOE+OO 

0.00000 

91 

1.8000E+12 

0. OOOOOE+OO 

0.00000 

92 

7 . 8000E+ 1 1 

0 . OOOOOE+OO 

0.00000 

93 

2 . 0307E+11 

0 . OOOOOE+OO 

0.00000 

94 

7 .7952E+12 

0. OOOOOE+OO 

0 . 00000 

95 

1 .9630E+15 

0 . OOOODE+OO 

0 . 00000 

96 

3.9562E+01 

0. OOOOOE+OO 

0.00000 

97 

4 . 1765E+1 5 

0. OOOOOE+OO 

0 . 00000 

98 

l . 0018E+02 

0. OOOOOE+OO 

0.00000 

99 

7.11 75E-0 1 

2 . 12050E+01 

1 . 00000 

100 

3.6090E+08 

0. OOOOOE+OO 

0 .00000 

101 

1 .2497E+13 

0 .OOOOOE+OO 

0 .00000 

102 

1.4798E+11 

0 .OOOOOE+OO 

0.00000 

103 

l .7462E+U 

0 .OOOOOE+OO 

0 . ooooo 

104 

1 . 2000E+13 

0. OOOOOE+OO 

0.00000 

105 

4 . 2324E+13 

0. OOOOOE+OO 

0.00000 

106 

6 . 9658E+12 

0. OOOOOE+OO 

0.00000 

107 

8 . 077 0E+12 

0. OOOOOE+OO 

0 .00000 

108 

2 . 3801E+13 

-3.77764E+06 

1.00000 

109 

3.7000E+12 

0. OOOOOE+OO 

0.00000 

110 

2, OOOOE+13 

0. OOOOOE+OO 

0. ooooo 

111 

1 . 0000E+13 

0 . OOOOOE+OO 

0.00000 

112 

2. OOOOE+13 

0. OOOOOE+OO 

0.00000 

113 

8.4381E+11 

0. OOOOOE+OO 

0 . ooooo 

114 

2 . 0Q00E+12 

0. OOOOOE+OO 

0.00000 

115 

1 .1405E+13 

0 .OOOOOE+OO 

0 . ooooo 

116 

2 . 4070E+12 

0. OOOOOE+OO 

0.00000 

117 

8 . 3826E+1 2 

0. OOOOOE+OO 

0 . ooooo 

118 

7 . 9225E+15 

0. OOOOOE+OO 

0.00000 

119 

2 . 2457 E+l 4 

0. OOOOOE+OO 

0.00000 

120 

8 . 6958E+07 

0. OOOOOE+OO 

0.00000 

121 

3 . 1 028E+07 

0 . OOOOOE+OO 

0 .00000 

122 

2 . 8358E+04 

0 . OOOOOE+OO 

0.00000 

123 

4 . 0 0 0 0 E+l 2 

0 . OOOOOE+OO 

0 . ooooo 

124 

2 . 5566 E+0 7 

0 . OOOOOE+OO 

0.00000 

125 

2 . 4991E+10 

7 . 80528E+00 

1 . ooooo 

126 

2. 6097 E+ 10 

0. OOOOOE+OO 

0.00000 

127 

8 . 6897E+1 1 

0 . 0 00 0 OE+OO 

0.00000 

128 

4 . 487 5E+09 

0 . OOOOOE+OO 

0.00000 

129 

9 . 2394E+1 5 

0 . OOOOOE+OO 

0.00000 

130 

9.2627E+15 

0 . OOOOOE+OO 

0.00000 

131 

5 . OOOOE+12 

0 . OOOOOE+OO 

0 . ooooo 

132 

6.4495E+15 

0. OOOOOE+OO 

0.00000 

133 

3 . 6 0O0E+ 1 3 

0 . OOOOOE+OO 

0.00000 

5 , 3460OE- 

08 V 

-5.05I56E+00 



ZB. 21102 TOTAL ENERGY EXCHANGE RATE 5 . 92105E+06 
(CAL-CM**3/G**2/SEC) 


MASS FRACTION SUM 1.00000000 


CPU TIME FOR INITIALIZATION OF LSENS = 1.070000 S 
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TABLE D.2. — Continued 
(g) Continued. 


TIME 2.94080E-04 SEC AREA 1.43983E+03 SQ CM AXIAL POSITION 4.70000E+01 CM 


FLOW PROPERTIES INTEGRATION INDICATORS 


PRESSURE 

l .73125 

STEPS FROM LAST PRINT 

171 

CATM) 

VELOCITY 

159765.65 

AVERAGE STEP SIZE 

0 .41Z27E 

(CM/SEC) 

DENSITY 

2.43084E-04 

METHOD ORDER 

4 

CG/CM**3) 

TEMPERATURE 

2390.72 



(DEG K) 

MASS FLOW RATE 

5 . 59179E+04 

TOTAL NUMBER OF STEPS 

353 

(G/SEC) 

ENTROPY 

2.3063 

FUNCT EVALUATIONS 

500 

( CAL/G/DEG K) 
MACH NUMBER 

1 .6664 

JACOBIAN EVALUATIONS 

55 

GAMMA 

1.2738 



ENTHALPY 

3 . 7946 5E+02 



(CAL/G) 

5P . HEAT (CP) 

3.35641E-01 




(CAL/G/DEG X) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 


(M0LES/CMMX3) 


RATE ( MOLE/ CM** 3/ SEC ) 

CH4 

5.70493E-11 

6 . A6AA2E-06 

-5 . 56527E-06 

CH3 

1 .12286E-09 

1 .27235E-0A 

-1.136S9E-0A 

H 

A . 21831 E-08 

A . 7 7 989E-03 

-5 . 23517 E-OA 

HZ 

3.80956 E-08 

A . 31672E-03 

-2.31 095E-0A 

02 

8 . 6 3035E-07 

9.77931E-02 

-1 . 05168E-03 

HO 2 

1 .73619E-10 

1 .96733E-05 

-5 . 666AOE-07 

0 

1 .08967E-07 

1.23A73E-02 

-8 . 59825E-0A 

OH 

1 . 48973E-07 

1 .68806E-02 

-1 .31377E-04 

H20 

7 . 22054E-07 

8. 18181E-02 

7 . AA332E-0A 

CH30 

6 . 18167 E-l 2 

7.00A6AE-07 

-5.2629AE-07 

CH20 

1 .75679E-11 

1 .99067E-06 

-1 .52189E-06 

C2H6 

7 .07055E-1A 

8 .01186E-09 

-1 .90A2AE-08 

C2H5 

5.79157E-16 

6 . 56260E-11 

7.31591E-11 

C2H4 

3.Z9110E-13 

3. 72925E-08 

-7 .09AA1E-08 

CH2 

1 .Q1311E-11 

1 .1A798E-06 

-9.85971E-07 

C2H3 

1 .07964E-14 

1 .22338E-09 

-2.A87A8E-09 

C2H2 

5.82564E-14 

6 .60121E-09 

-I . 21 7 AAE-08 

HCO 

1 . Q7281E-12 

1 . 21 56 3E-Q7 

-9.27399E-08 

C2H20 

1 . 7 0385E-1 A 

1 .93069E-09 

-2.55950E-09 

C2H 

3.39526E-16 

3.84728E-11 

-6 . 59282E-1 1 

CO 

1 .31666E-07 

1 .491946-02 

-2. 08052E-03 

C2H0 

7 . 37796 E-l A 

8.36019E-09 

-1 .A4817E-08 

CH 

2. 12511E-I2 

2.A0803E-07 

-2.156 27E-07 

C02 

2 . 959A9E-07 

3 . 353A9E-Q2 

2 . 20339E-03 

H202 

9 . 9A278E- 1 2 

1 . 12665E-06 

-l .6329SE-07 

N2 

6 . 47215E-06 

7 . 33378E-01 

-1 .37893E-05 

HCN 

3.A8809E-13 

3 . 952A5E-Q8 

-2.7322AE-08 

N 

1 .06319E-12 

1 .20A73E-07 

1 .50510E-08 

CN 

2.25791E-15 

2 . 55851 E-l 0 

-1 . 7 1 A66 E-l 0 

HNCO 

5.0A079E-1A 

5.71187E-09 

-1 .3A537E-09 

NCO 

I . A992AE-1A 

1 .6988AE-09 

-9 .A6275E-10 

NH2 

2.2S551E-12 

2.58978E-07 

9.A1A18E-09 

NO 

6 .32259E-10 

7 . 16432E-05 

2 . 7 525AE-05 

NH 

6 .7676AE-1A 

7 . 66862E-09 

1 . 26 1 A2E-09 

N02 

A .2006AE-13 

A , 7 5987 E-08 

1 . 93621 E-08 

N20 

6 . 534S0E- 1 2 

7 . AOA78E-07 

1 .76 058E-08 

HN02 

2.65700E-14 

3.01 07 3E-09 

7 . 5A597 E- 1 0 

HN03 

3. 10331 E- 18 

3. 516A5E-13 

9 . 6 0S23E- 1 A 

HNO 

8 . 99356 E- 1 A 

1 . 01909E-08 

1 .93850E-09 


REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 

NUMBER 

CGS UNITS 

(CAL-CM**3/G**2/SEC) 

TIVE DIR RATE 

1 

1 .804SE+09 

-5.17899E+07 

0 . 96982 

2 

1 .0293E+I3 

A , A621 1E+0A 

0 . 17278 

3 

6 . 033OE+ 08 

■*7 . 57 97 9E+0A 

0.73913 

A 

1 .612QE+13 

7 . 3953AE+05 

0 .17566 

5 

8 . 7086E+12 

-3 . 1 6252E+06 

0 .17541 

6 

5 . 7333E+10 

1 .16335E+06 

0 . 0 A 321 

7 

6 . 3000E+1 2 

8 . 7 9239E+06 

0 . 0A156 

8 

6 . 015QE+I 1 

1 . 13871E+07 

1 .00000 

9 

1 .0686E+13 

-9 . 6 A762E+05 

0 . 0 A 7 1 8 

10 

1 .7133E+13 

-5.3262AE+03 

0 . 99996 

11 

2 . 1650E+1 3 

-1 .21172E+0A 

0 . 99996 

12 

A . 1 470E+1 3 

-1 .56A8AE+05 

0 . 99996 

13 

1 . 4659E+14 

A . 277 59E+05 

0.87169 

1A 

6 . 9815E+11 

-7 . 506 51 E+01 

0.98515 

15 

4.800QE+13 

-1 .29580E+03 

0 .99680 

16 

2. OOOOE + 13 

-2.A0673E+05 

0.99901 

17 

1 .7525E+13 

-1 .013A7E+04 

0.99919 

18 

1 . A6A5E+10 

3. 00121 E+ 04 

1 . 00000 

19 

3.7Q51E+12 

-5. 367A0E+0A 

0.99919 

20 

1 .6341E+12 

-1.9767 1E + 04 

0.99195 

21 

2.60 1 4E+1 2 

-A . 236 AAE+OA 

1 . 00000 

22 

8 . 7 269E+1 2 

-3 . 921 09E+0A 

0.99996 

23 

3 . 56 30 E+ 12 

2.5327AE+05 

0.998A1 

2A 

A. 1950E+12 

-5 . 25A9AE+0 A 

1 . 00000 

25 

6 . OOOOE+12 

-2.77687E+03 

0.99996 

26 

3.3000E+13 

-5 . 321 06E+0A 

1 . 00000 

27 

5. OOOOE+12 

-1 . 0215QE+Q4 

0.99996 

28 

3 . OOOOE+1 5 

-3.60306E+00 

0.99090 

29 

3. OOOOE+13 

-1 .5A389E-0A 

0 .99921 

30 

6.9A6AE+06 

-7 .7909AE+00 

0 . 50538 

31 

I . 9953E+1 3 

-1 .02390E+05 

0 .99909 

32 

A . 2A20E+1 3 

-1 -0A7A5E+05 

0 . 9 9 32 A 

33 

1 .AA35E+12 

1 . 6036 OE+O 3 

0.9A988 

3A 

3.0681E+11 

-1 .01A7SE+03 

0.98752 

35 

3. 6A62E+13 

-A . 88 309E+03 

0.86526 

36 

2. OOOOE+13 

-7 . 10544E+02 

0 . 86505 

37 

8.6261 E+l 1 

-7 . 623A2E+0A 

1 . 00000 

38 

1 .2020E+12 

-1 .615A8E+0A 

1 .00000 

39 

1 . OOOOE+13 

-5 . 02556 E + 0 A 

1 . 00000 

AO 

5. OOOOE+13 

-5.620A3E+OA 

0.86517 

A1 

3. OOOOE+13 

-3.60992E+0I 

0 . 99998 

A2 

6 . 56A0E+12 

-2. A3L5AE+00 

0 . 9999 A 

A3 

1 .OOOOE+13 

-6 . 96815E-02 

1.00000 

AA 

2.8000E+13 

-1 .83031E+Q4 

0.99986 

A5 

3 , 9885E+ 1 2 

-1 . 3507 7 E+0 3 

0 . <45802 

A6 

5 . A917E+12 

3. A0106E+OA 

0.9A035 

A7 

1 . 3923E+ 1 3 

-1 . 702AAE+02 

0 . A 56 2 9 

A8 

9 . 2820E+12 

-A . A98A5E+01 

0. A5818 

A9 

2 .0000E+1 3 

-6 . 42681E+04 

1 . OOOOO 

50 

6 . 5A76E+1 0 

-2. A9A52E+0A 

0.65940 

51 

5. OOOOE+13 

-2 .28976E + 03 

0.99879 

52 

2 . 21 06 E+ 1 2 

-6 . 207 34E+Q6 

1 .00000 

53 

2. OOOOE+13 

-7 . 38735E + 06 

1 . OOOOO 

5A 

1 .9692E+09 

A .6237 3E + 05 

0.99209 

55 

2 . 330AE+13 

-2 . 99 380E + 07 

0.99980 

56 

1 . 079AE+13 

-1 .89509E + 06 

0.99980 

57 

1 .6719E + 13 

-6 . 571A2E+06 

0 . 99980 

58 

1 .3828E+11 

-6 .746536+02 

0.99976 

59 

1 . A669E+13 

-2 . 6637 1 E+ DA 

0.99489 

60 

2. OOOOE+13 

-1.15848E+06 

0.79A25 

61 

8.2A79E+07 

1 . 25085E+06 

0 .82486 

62 

2 . 216 1E+11 

9 . 5995AE+ D 5 

0 .99563 

63 

1 .6856E+11 

2.53A83E+06 

0 . 99 56 A 

6 A 

2 . 216 IE+1 1 

-5 . 98533E+06 

0 . 99 56 A 

65 

3.7000E+12 

-2.519 1 5E+06 

1 .00000 

66 

1 .OOOOE + 13 

-2 . 23620E+07 

1 00000 

67 

5.6A91E+12 

-5.05691E+07 

0.99999 

68 

2 . 0299E+1 1 

-2 . D67A5E+03 

0.93050 

69 

7.0612E+12 

-2 . 93DA9E+06 

0.93048 

70 

2 . 60A9E+13 

-A . 29786E+05 

0.93026 

71 

5. OOOOE+12 

-6 . 11830E+02 

0.99982 

72 

A. OOOOE+13 

-9.06783E+03 

1.00000 

73 

3. OOOOE+13 

-1 .67 36 5E + 07 

0.980A1 

7A 

3. OOOOE+13 

-5. 1AA79E+06 

0.99579 

75 

3. OOOOE+13 

-8 . 3972AE+06 

0.99579 

76 

2. OOOOE+13 

-1.35621E+06 

0.99577 

77 

1.09A1E+13 

2.22615E+07 

0.83069 

78 

1 .0125E+15 

-2.71219E+08 

0.98288 
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TABLE D.2. — Continued, 
(g) Concluded 


79 

1 0922E+08 

-5.31228E+05 

0.31308 

80 

3 . 3785E+1 1 

-8 69108E+08 

0.31190 

81 

4.6079E+11 

-6 . 93559E + 06 

0.85228 

82 

1 4245E+12 

9 , 41893E+ 06 

0.00029 

83 

5.9875E+12 

1 . 06652E+08 

0.00172 

84 

2 . 3242E+1 3 

1 .05930E+07 

0.00348 

85 

4.6535E+13 

-2. 37923E+08 

0.76420 

66 

4 . 0509E+1 3 

-5 . 16523E+ 08 

0.78495 

87 

8. OOOOE+12 

-1.85830E+08 

0.78489 

68 

1 . 0698E+14 

-3.53684E+08 

0.78532 

89 

4. 1 00 0 E f 11 

“6 . 47435E + 06 

0.86)16 

90 

4.5145E+12 

-3.3951 1E+06 

0.86156 

91 

1 . 800QE+12 

2 . 51669E+04 

0.44940 

92 

7.8000E+11 

-3.66899E+05 

0.97457 

93 

9 . 9547E+ 1 2 

-2.27140E+07 

0.02108 

94 

1 . 3132E+1 3 

-6.O2479E+07 

0.00318 

95 

1 . 8021E+1 5 

-1 . 391 17E+09 

0.88429 

96 

3 . 18046+05 

-4 . 9396 0E+ 08 

0.97511 

97 

2. 96986+15 

-2. O3454E+08 

0.97512 

98 

3 . 6856E+05 

-2.55127E+07 

0.97503 

99 

1 .22426+04 

-7 .352166*06 

0.97507 

100 

1 .8327E+09 

1 . 397 32E * 0 3 

1 . 00000 

101 

1 .9663E + 13 

5. 61968E< 03 

0.90925 

102 

7 .91776 + 1 1 

9 . 942 38E ♦ 0 3 

0.90956 

103 

2.2187E+11 

-2.54811E+03 

0.94536 

104 

1 .2000E + 13 

- 3 , 846 06 E » 0 3 

0.99974 

105 

7 . 07 04E+ 1 3 

-5. 08990E< 03 

0.54712 

106 

1.50406+13 

4.93186E+02 

0.24782 

107 

1.67106+13 

-1 .40358E+03 

0.26496 

108 

2.5926E+1 3 

-2 . 97245E+03 

0. 54790 

109 

3.7000E+12 

2 . 47856E + 0 1 

0.34184 

no 

2.00006+13 

-5.6 5425E+ 04 

0.99999 

111 

1 .00006+13 

-4.75469E-01 

0.99306 

112 

2 .00006+1 3 

-7 .62101E + 03 

0.99937 

113 

1 .9745E + 12 

-1 .81552E*Q3 

1 . 00000 

114 

2 . OOOOE + 1 2 

-3.27179E+03 

0.99980 

115 

1 .6047E + 13 

-6 . 76 546 E + 03 

0.07033 

116 

2 . 31 07E + 1 2 

-1 . 92250E+ 02 

0 . 00929 

117 

8.821 OE+1 2 

-2.45625E+05 

0 , 78294 

118 

7.17436+15 

-4.78280E+06 

0.88517 

119 

2.5465E+14 

-1 .74329E + 06 

0.78331 

120 

6 .4616E + 09 

-6 . 9580 0 E + 06 

0.98006 

121 

1 . 5012E+09 

-2.72471E+06 

0 . 98010 

122 

1 .9267E+07 

1 72713E+07 

0.99832 

123 

4 . OOOOE+12 

-2 . 33353E+00 

0.99568 

124 

2 . 8296 E+ 09 

-7 . 22372E + 05 

0.86721 

125 

2 . 7449E + 1 1 

-2 . 12419E+05 

0.81230 

126 

2.5451E+11 

-1 . 06668E+ 0 5 

0.99999 

127 

3 . 1613E+1 2 

-7 . 464646*05 

0.81262 

128 

5 . 3598E+10 

-2 .802836+03 

0 .88464 

129 

6 . 67S6E+ 1 5 

-8 . 04826E-02 

0 . 00003 

130 

8 . 0093E+ 1 5 

-6 . 18944E + 03 

0.00110 

131 

5. OOOOE+12 

-1 .68918E+04 

0.96240 

132 

6 . 1 269E+1 5 

-4.06066E+05 

0.33593 

133 

3 .60006+1 3 

-5.47495E+05 

0.96252 


DERIVATIVES (C6S UNITS) i T 
MIXTURE MOLECULAR HEIGHT 


2 . 1 3842E+0 1 RHO -1.62919E-Q6 V 

27.54458 TOTAL ENERGY EXCHANGE RATE -4 . 71 Q24E+09 
CCAL-CMKH3/GMX2/SEC) 


1 .22400E+00 

MASS FRACTION SUM 1.00000003 


COMPUTER TIME (CPU) REQUIRED) FOR THIS STEP - 1 . 1 280 0 0E+0 1 S 


UP TO THIS TIME - 2.184QQQE+Q1 S 


( LSENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL HQRK REQUIRED FOR PROBLEM* 

TOTAL NO. OF STEPS - 353 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 500 

TOTAL NO. OF JACOBIAN EVALUATIONS - 55 

TOTAL CPU TIME - 21.840000 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED * 24.139996 S 


(LSENS) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued, 
(h) Case 8 


** DATA LIMES xx 

l 2 3 A 5 6 7 8 

CC 123A567890125A567890l25A567890123A567a9012iA567890i23A56?a90l23A567H90123A567B90 


L SENS METHANE - AIR WITH AREA AMD TEMPERATURE PROFILES OF CASE 6 CA5E 8 

REPEAT 

DISTANCE AREA 
Sprob tass-.trua., Send 

& tmpda t xtb-Q.0,15.O,2Q.G,25,0,3Q.0,32.Q,3A.Q,36 .0, 38.0, AO. 0,41 .0, 
42.0,43.0,44.0,45.0,46.0,47.0,48.0, 
tmptb=1700. 00, 1702. 50, 1707. 74, 1718. 05, 17 38. 22, 1751. 43, 176970, 

17 96. 16, 18 38. 63, 19 39. 65, 2127. 05, 222 5. 54, 2270. 46, 2307. 71, 2339 56, 
2366.73,2389.90,2409.76, 
t P rint=1738 .22, 1939 .65,2389 .90, Sand 
As tart pM.730, mach = 2.0, 8and 


CH4 

0 . 049768 

02 

0 . 199072 

M2 

0.75116 

CM 

0 . 0000001 

END 



Asolvar amax-1 . OE-3, a tol sp= 1 . 0E- 1 2 , mf-21, Send 
FINIS 



DISTANCE-AREA 

VERSION 

LEWIS 

SENSITIVITY 

AND 

GENERAL KINETICS PROGRAM NA5A 

LEWIS RESEARCH 

CENTER 



LSENS 

METHANE 

- AIR 

WITH AREA AND TEMPERATURE PROFILES 

OF CASE 6 CASE 8 


REACTION 




REACTION 



HEACT ION 

RATE VARIABLES 


NUMBER 








A 

N 

ACTIVATION 











ENERGY 

1 

M 

4 

UCHA 

5 

1 XCH3 

4 

1XH 

2 . OOOOOE 4 1 7 

0.0000 

88000 00 

2 

1 XH 

♦ 

UCHA 

S 

UCH3 

4 

1XH2 

1 , 26 000E 4 1 A 

0 .0000 

11900 00 

3 

1 xCHA 

4 

1X02 

X 

UCH 3 

4 

UH02 

7 . 9 AOOOE 4 l 3 

0 0000 

56000 . 00 

4 

1 XQ 

4 

UCHA 

i 

1 XCH3 

4 

UOH 

1 . 9Q000E4 1A 

0 0000 

11720.00 

5 

1 X OH 

4 

UCHA 

s 

UCH 3 

4 

UH20 

2 . 50000E 4 1 3 

0 . 0000 

5010 . 00 

6 

1XCH3 

4 

1 XQ2 

X 

1 XCH30 

4 

UO 

2 . A 0000 E 4 1 1 

0 . 0000 

28680 . 00 

7 

1 KCH5 

4 

UOH 

s 

1 XCH 30 

4 

UH 

6 . 30000E412 

0 .0000 

0 . 00 

8 

M 

4 

UCH3Q 

5. 

UCH20 

4 

LxH 

5. 00000E41 3 

0 . 0000 

21000 . 00 

9 



2XCH3 

X 

1 XC2H6 



2 . A 0000 E 4 1 A 

-0 . AOOO 

0 .00 

10 

1 xH 

4 

UC2H6 

X 

1 XC2H5 

4 

UH2 

1 . 32000E4 1A 

0 . 0000 

9700.00 

1 1 

1x0 

+ 

UC2H6 

X 

1 XC2H5 

4 

UOH 

1 , 13G00EMA 

0 . 0000 

78 50 , 00 

12 

UOH 

* 

UC2H6 

X 

UC2H5 

4 

UH20 

8 . 7 0000E 4 I 3 

0.0000 

3520 . 00 

13 

M 

+ 

1XC2H5 

X 

UC2HA 

4 

UH 

1 00000E4 17 

0 .0000 

31000 . 00 

14 

UC2H5 

4 

U 02 

X 

UC2MA 

4 

UH02 

2. 00000E 4 1 2 

0 . 0000 

50 Q 0 . 00 

15 

l xH 

4 

UC2H5 

X 

1 XC2HA 

4 

UH2 

A . 8 OOOOE 4 1 3 

0 . 0000 

0 00 

16 

1XCH3 

+ 

UCH2 

X 

1 XC2HA 

+ 

UH 

2 . 00Q00E4 1 3 

0 0000 

0 . 00 

17 

UH 

* 

1XC2HA 

s 

UH2 

4 

UC2H3 

1 50000E41A 

0 .0000 

1 0200 00 

18 

M 

♦ 

1XC2HA 

s 

UC2H2 

4 

UH2 

2.60000E417 

0 . 0000 

79300 . 00 

19 

1 XC2H4 

4 

UOH 

s 

UC2H3 

4 

UH20 

A.80000EU2 

0 . 0000 

1230.00 

20 

1XC2H4 

♦ 

UOH 

s 

UCH3 

4 

UCH20 

2 . D0000E412 

0 . 0000 

960 . 00 

21 

1 XC2H4 

+ 

uo 

X 

UCH3 

4 

UHCO 

3.30000E412 

0 . 0000 

1130.00 

22 

IXC2H4 

4 

uo 

x 

1 XCH20 

4 

UCH2 

2.50000E413 

0 . 0000 

5000 . 00 

23 

M 

4 

UC2H3 

X 

UC2H2 

4 

UH 

3. 0 0000EU5 

0 . 0000 

32000.00 

24 

1 XC2H3 

4 

U02 

s 

UCH20 

4 

UHCQ 

3. 98Q00E + 12 

0 . 0000 

-250 . 00 

25 

1 xC2H 3 

4 

UH 

8 

UC2H2 

4 

UH2 

6 . OQQOOE4 1 2 

0.0000 

0 .00 

26 

1 *C2H3 

4 

UU 

= 

UC2H20 

4 

UH 

3 . 30 Q 0 0 E * 1 3 

0 0000 

0 00 

27 

1 XC2H 3 

4 

1 xOH 

e 

UC2H2 

4 

1 XH20 

5 . 00Q00E ♦ 1 2 

0 . 0000 

0 00 

28 

1XC2H3 

4 

1 XCH2 

X 

UC2H2 

4 

UCH3 

3 0 0 0 0 0 E 4 1 3 

0 . 0000 

0 . 00 

29 

1 XC2H3 

♦ 

UC2H 

s 

2XC2H2 



3 . 00000E41 3 

0.0000 

0 .00 

30 

M 

4 

UC2H2 

8 

UC2H 

4 

UH 

A . 20000E4 16 

0 . 0000 

107000 . 00 

31 

1 XC2H2 

4 

UO 

X 

UCH2 

4 

UCO 

1 , 6 0 0 0 0 E 4 1 A 

0 0000 

9890.00 

32 

1XC2H2 

4 

uo 

X 

UC2H0 

4 

] KH 

A . 00000E* 1 A 

0 . 0000 

1 0660 . 00 

33 

1 XC2H2 

4 

1 XOH 

X 

UC2H 

4 

UH2Q 

6 . 300Q0E+12 

0 0000 

7000.00 

34 

1XC2H2 

4 

1 xOH 

X 

1 XC2H20 

+ 

UH 

3 . 20 0 0 0 E 4 1 1 

0 . 0000 

200 . 00 

55 

1XC2H 

4 

U02 

= 

UC2H0 

4 

1 KO 

5.00000E413 

0 .0000 

1500.00 

36 

1 xC2H 

4 

UOH 

s 

UC2H0 

+ 

UH 

2 . OOOOOE * 1 3 

0 . 0000 

0 .00 

37 

1XC2H0 

4 

U02 

X 

2XC0 

+ 

UOH 

1 . A6000E412 

0 . 0000 

2500 .00 

38 

1 XC2H0 

4 

UO 

= 

2xC0 

4 

UH 

1 . 20200E + 12 

0 . 0000 

0 . 00 

59 

1 XC2HD 

4 

UOH 

X 

2 * HCO 



1 . 00 0 0 0 E 4 1 5 

0 0000 

0 .00 

40 

1XC2M0 

4 

1XH 

X 

UCH2 

4 

UCO 

5 . 00 0 0 0 E 4 ] 3 

0 . 0000 

0 00 

41 

UC2HQ 

4 

UCH2 

X 

UC2H3 

4 

UCO 

3. OOQOOE+13 

0 0000 

0 . 00 

42 

1 x C 2 H 0 

4 

1 XCH2 

X 

UCH20 

4 

UC2H 

1 .00000E413 

0 . 0000 

2000 00 

43 



2XC2HQ 

s 

UC2H2 

4 

2»C0 

1 . OOOOOE 4 1 3 

0 . 0000 

0 . 00 

44 

UC2H20 

4 

UOH 

X 

UCH20 

4 

UHCQ 

2.80000E413 

0 .0000 

0 . 00 

45 

1XC2H20 

4 

UOH 

X 

1 XC2H0 

4 

U H 2 0 

7 . 50000E4 12 

0 .0000 

3000 00 

46 

1 XC2H20 

4 

UH 

X 

UCH3 

4 

UCO 

l . 1 3000EH 3 

0.0000 

3A28 00 

47 

1 x C 2 h 2 0 

4 

UH 

s 

UC2H0 

4 

1XH2 

7 . 50000E 4 ] 3 

0 . 0000 

8000 .00 

46 

UC2H20 

4 

UO 

X 

UC2H0 

4 

UOH 

5 . OOOOOE 4 1 3 

0 . 0000 

8000 00 

49 

1XC2H20 

4 

uo 

X 

1 XCH20 

4 

UCO 

2 OOOOOE 4 1 3 

0 0000 

0 .00 

50 

M 

4 

UC2H20 

X 

1 »CH2 

4 

UCO 

2 . OOOOOE+ 16 

O . 0000 

60000 . 00 

51 

1XC2H 

4 

1X0 

X 

UCO 

4 

1 XCH 

5.00000E413 

0 0000 

0 .00 

52 

1XCH50 

4 

U02 

3 

UCH20 

4 

UHQ2 

1 .0000QE41 3 

0 0000 

7170 . 00 

53 

1XCH30 

4 

UH 

5 

UCH20 

4 

UH2 

2 . OOOOOE 4 1 3 

0 0000 

0 .00 

54 

M 

4 

UCH2Q 

3 

UHCO 

4 

UH 

5.0Q0Q0EU6 

0 . 0000 

81000 . 00 

55 

1 XCH20 

+ 

UOH 

X 

UHCO 

4 

UH20 

3. 00000E413 

0 . 0000 

1200.00 

56 

1XCH20 

4 

UH 

X 

1 XHCO 

4 

UH2 

2.500006413 

0 . 0000 

5990 . 00 

57 

UCH20 

4 

UO 

s 

UHCQ 

4 

UOH 

3. 50000E413 

0 . 0000 

3510.00 

58 

UCH3 

4 

UCH20 

3 

UCHA 

4 

UHCO 

1 . OOOOOE E 1 0 

0 . 5000 

6000.00 

59 

1XCH3 

4 

UHCO 

s 

UCHA 

4 

UCO 

3. OOOOOE4 1 1 

0 . 5000 

0.00 

60 

1XCH3 

4 

UH02 

X 

UCH30 

4 

UOH 

2. 00000E413 

0 .0000 

0 . 00 

61 

M 

4 

1 XCH3 

3 

UCH2 

4 

UH 

1 .95000E416 

0.0000 

91600 .00 

62 

1 XH 

4 

UCH3 

3 

IXH2 

4 

UCH2 

2 . 7 OOOOE 4 1 1 

0.6700 

25700 .00 

63 

1X0 

4 

1 XCH3 

= 

UOH 

4 

UCH2 

1 . 90000E4 1 1 

0 6800 

25700 . DO 

64 

UOH 

4 

UCH3 

X 

UH20 

4 

UCH2 

2 . 7 0 OOOE * 1 1 

0 .6700 

25700.00 

65 

1 xCH 

t 

UC02 

X 

UHCO 

4 

UCO 

3. 70QQOE4 12 

0 . 0000 

0.00 

66 

UCH 

4 

U02 

X 

UHCO 

4 

UO 

1 .OOOOOE413 

0 . 0000 

0 .00 

67 

1 XCH2 

4 

U02 

X 

UCH20 

4 

UO 

5. OQOOOE4 11 

O . 5000 

6960 00 

68 

UCH2 

4 

UO 

X 

UCH 

4 

UOH 

2 . 0 0 OOOE + 1 1 

0 7000 

25800 .00 

69 

1XCH2 

4 

UOH 

X 

UCH 

4 

1 KH2Q 

5 . OOOOOE ♦ 11 

0.5000 

5900.00 

70 

1 XCH2 

4 

UH 

X 

UCH 

4 

UH2 

3 . 20000E 4 1 1 

0.7000 

A970 . 00 

7 1 



2XCH2 

X 

UC2H5 

4 

UH 

5 . 00 OOOE * 1 2 

0 . 0000 

0 . 00 

72 



2XCH2 

X 

1*C2H2 

4 

UH2 

A . QOOQQEU3 

0 . 0000 

0.00 

7 3 

1 XHCO 

4 

U 02 

X 

UCO 

4 

UH02 

3 . 0Q000E4 1 3 

O . 0000 

0 . 00 

74 

1 XHCO 

4 

uo 

X 

UCO 

4 

UOH 

3. 00000E4 1 3 

0 . 0000 

0 . 00 

7 5 

1 XHCO 

4 

UOH 

3 

UCO 

4 

UH20 

3 . OOOOOE* 1 3 

0 . 0000 

0 .00 

76 

UHCO 

4 

UH 

- 

UCO 

4 

UH2 

2 . 0 OOOOE 4 1 3 

0 . 0000 

0 .00 
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TABLE D.2. — Continued. 


(h) Continued. 


77 

M 

+ 

1 *HC0 


1*H 


UCO 

2.90000E+14 

0.0000 

15570.00 

78 

UCO 

+ 

1*0 

» 

UC02 

♦ 

M 

2.40QQQE+15 

0 . 0000 

4100 . 00 

79 

1KCO 

* 

1*02 

a 

1 *C02 

♦ 

uo 

2 . 50000E+ 1 2 

0 . 0000 

47690 , 00 

80 

uco 

+ 

1 *0H 

= 

1 *C02 

♦ 

1*H 

4.17000EU1 

0 . 0000 

1000.00 

81 

uco 

+ 

1 *H02 

a 

UC02 

♦ 

UOH 

5 . 7 5000E + 1 3 

0 . 0000 

22930.00 

82 

1*0 


1 *H20 

= 

2*0H 



6 .80000E+13 

0 . 0000 

18365.00 

83 

UH 

+ 

1*02 

= 

UOH 


1 *0 

1 . 89000E+ 1 4 

0 . 0000 

16400.00 

84 

1*0 

+ 

1*H2 

= 

UOH 


1*H 

4 . 20000E+ 14 

0 . 0000 

13750.00 

83 

1*H 

♦ 

1 *HQ2 

= 

1*H2 

♦ 

1*02 

7 . 28Q0QE + 1 3 

0.0000 

2126 . 00 

86 

1*0 

+ 

1 *H02 

= 

UOH 


1*02 

5. 00000E + 13 

0.0000 

1000.00 

87 

1*H02 

+ 

1 *0H 

= 

1*H20 

+ 

U02 

8 . Q0000E+12 

0 . 0000 

0 . 00 

8B 

1 *H 

+ 

1 *H02 

s 

2 *0H 



1 . 34000E+14 

0.0000 

1070.00 

89 

1 *H2 

+■ 

1 *H02 

* 

UH202 

♦ 

1*H 

7 . 91000E+13 

0 . 0000 

25000 .00 

90 

1 *OH 

+ 

1 MH202 

= 

UH20 


UH02 

6 . 1Q0QQE+12 

0 . 0000 

1430 . 00 

91 



2*H02 

- 

UH202 

■f 

U02 

1 .80000E+12 

0 .0000 

0 . 00 

92 

1 *H 

+ 

1 *H202 

= 

1 *0H 

♦ 

1*H20 

7.80000EU1 

0 .0000 

0 .00 

93 

M 

♦ 

1*H202 

= 

2*0H 



1.44000EU7 

0.0000 

45510.00 

94 

1 *H2 

♦ 

1 *OH 

a 

1 *H20 

♦ 

1*H 

4 .740Q0E4I 3 

0.0000 

6098 . 00 

95 

1 *11 

♦ 

1*02 

~ 

UH02 

t 

M 

1 .46000605 

0 . 0000 

-1000.00 

96 

M 

♦ 

1 *H20 


UH 

* 

UOH 

1 . 30000EM5 

0 . 0000 

105140.00 

97 

1*H 

+ 

1*0 

* 

UOH 

+ 

M 

7 . lOOOOEf 18 

-1 ,0000 

0 . 00 

98 

M 

+ 

1 *H2 

- 

2*H 



2 . 20000E* 1 4 

0 . 0000 

96000 00 

99 

M 

♦ 

1*02 

= 

2*0 



1 . 8 0000E + 1 8 

-1 .0000 

118020.00 

100 

1 *CH 

♦ 

1 *N2 

= 

1 *HCN 


1*N 

1 . QOOOOEM 1 

0 0000 

19000 . 00 

101 

) *CN 


1 *H2 

- 

1*HCN 

+ 

1*H 

6 . 00Q00E+ 1 3 

0 . 0000 

5300 . 00 

102 

1*0 

■f 

1 *HCN 

a 

UOH 

+ 

UCN 

1 40000EU1 

0.6800 

16900.00 

103 

1 *0H 

♦ 

1 *HCN 

= 

UHNCO 

+ 

1 *H 

4.00000EU1 

0.0000 

2800 . 00 

104 

1 *CN 

+ 

1*0 

= 

UCO 

+ 

1*N 

1 .20QQQEH3 

0.0000 

0.00 

105 

1 *CN 

♦ 

1 *0H 

a 

UNCO 

+■ 

1*H 

2.50000EM4 

0 . 0000 

6000 . 00 

106 

1 *H2 

+ 

UNCO 

= 

UHNCO 

+ 

1*H 

1 .00D00EM4 

0 . 0000 

9000 . 00 

107 

1 *HNC0 

♦ 

1 *H 

= 

1*NH2 


UCO 

1 . OOOOOE* 1 4 

0 0000 

8500 . 00 

108 

1 *CN 


1*02 

a 

UNCO 

+ 

uo 

3.2000QEM3 

0 . 0000 

1000 . 00 

109 

1 *CN 

+ 

1 *C02 

a 

UNCO 

+ 

UCO 

3.70000E+12 

0 . 0000 

0 . 00 

no 

1*0 

+ 

UNCO 

= 

UNO 

+ 

UCO 

2.00000EM3 

0 . 0000 

0.00 

in 

1*N 


UNCO 

a 

1*N2 

+ 

uco 

1 .OOOOOEM3 

0 . 0000 

0 . 00 

112 

1 *H 

♦ 

UNCO 

a 

UNH 

+ 

uco 

2 . OOOOOE t l 3 

0 . 0000 

0 00 

113 

1 *CH 

+ 

UNO 

a 

1*N 

♦ 

UHCO 

1 .60000EM 3 

0 . 0000 

9940 . 00 

114 

1 *CH 

+ 

UNO 

= 

1*0 

♦ 

UHCN 

2 . OOOOOE* 12 

0 . 0000 

0 . 00 

115 

1 *HH 

+ 

UQH 

a 

Ull 

t 

UH20 

5.00000EM1 

0 . 5000 

2000 . 00 

116 

1 * H 0 2 

+■ 

UNO 

a 

1 *1102 

♦ 

UOH 

2.09000EU2 

0 . 0000 

-477 . 00 

117 

1*0 

+ 

1*N02 

a 

UNO 

+ 

1 *02 

1 . 0 0000 E + 1 3 

0 . 0000 

596 . 00 

118 

1 *ND 

+ 

1*0 

s 

1*N02 


M 

5 . 6 2000E + 1 5 

0.0000 

-1160. 00 

119 

1 * N02 

+ 

1*H 

* 

1 *N0 

+ 

UOH 

3.47QQGEH4 

0 . 0000 

147 0 . 00 

120 

1 *NO 


1 *H 

= 

1*N 

♦ 

UOH 

2 . 6 3000E* 14 

0 . 0000 

50410 . 00 

121 

1 *N0 

+ 

UD 

= 

1*N 

♦ 

1 *02 

3.80000Et09 

1 . 0000 

41370 00 

122 

1*0 

+ 

1*N2 

S 

UNO 

♦ 

UN 

1 .80000EH4 

0 . 0000 

76250 00 

123 

1 *N 

+ 

UN02 

a 

2* NO 



4 . OOOOOE* 1 2 

0 . 0000 

0 00 

124 

M 

+ 

1*N20 

a 

1 *N2 

♦ 

UO 

6 . 92000E-* 23 

-2 . 5000 

65000 . 00 

125 

1*0 

+ 

UN20 

a 

1*N2 

+ 

1*02 

1 . OOOOOE *14 

0 . 0000 

28020 . 00 

126 

1*0 

+ 

UN20 

s 

2*N0 



6 . 920 GO E* 1 3 

0 . 0000 

26630. 00 

127 

1*N2Q 

+ 

1 *H 

a 

1 *N2 

♦ 

UOH 

7 , 59000E+ l 3 

0 . 0000 

15100.00 

128 

1 * N 0 2 

+ 

UH2 

S 

UHN02 

♦ 

1*H 

2. 400006*13 

0 . 0000 

29000 . 00 

129 

1 *0H 

+ 

1 * N 0 2 

a 

UHN03 

♦ 

M 

3 . OOOOOE* 1 5 

0 . 0000 

-3800.00 

130 

1 *0H 

+ 

UNO 

a 

1*HN02 

♦ 

M 

5 6 0 0 0 0E+ 1 5 

0 . 0000 

-1700 . 00 

131 

1*HM0 

+ 

1*H 

a 

UH2 

♦ 

UNO 

5. 0G0Q0E+12 

0 . 0000 

0 . 00 

132 

1 *H 

+ 

UNO 

a 

1*HN0 

♦ 

M 

5 . 40000E+ 1 5 

0 . 0000 

-600 . 00 

133 

1*HN0 


UOH 

* 

1*H20 

♦ 

UNO 

3 . 6 0000E+ 1 3 

0 . 0000 

0.00 




ALL 

THIRD 

BODY RATIOS 

ARE 1 

0 EXCEPT 

THE FOLLOWING 




M(H2 

, 93) = 

2.30000 

M( 02 

, 93) 

• 

0.78000 

Mt H20 

, 93) 

s 

6 . 00000 

M( H202 

, 93) 

- 6.60000 

M( 02 

, 95) * 

1.30000 

M(M2 

, 95) 

3 

1 . 30000 

M(H20 

* 95) 

a 

21 . 30000 

M< C02 

, 95) 

a 7.00000 

M( H2 

, 96) - 

4. 000Q0 

M< 02 

, 96) 

3 

1 . 50000 

M( H20 

, 96) 

a 

20.00000 

MC M2 

, 96 ) 

= 1.50000 

M(C02 

, 96) = 

4 . 00000 

M< H2 

, 98) 

B 

4 . 10000 

M( 02 

, 98) 

= 

2.00000 

MIH20 

, 98 ) 

= 15.00000 

M( N2 

, 98) = 

2 . 00000 

M( 02 

,129) 

3 

0.70000 

M(H2 

,129) 

6 

1 .40000 





TIME 

1 .87696E- 

04 SEC 



AREA 1. 

. Q2322E+03 

SO CM 



AXIAL POSITION 

3 . OOOOOE+Ol CM 


FLOW PROPERTIES INTEGRATION INDICATORS 


PRESSURE 

1.73000 

STEPS FROM LAST PRINT 

80 

(ATM) 

VELOCITY 

159827.59 

AVERAGE STEP SIZE 

0 . 38091 E+00 

(CM/SEC) 

DENSITY 

3 . 41933E-04 

METHOD ORDER 

5 

(G/CM**3) 

TEMPERATURE 

1738.22 



(DEG K) 

MASS FLOW RATE 

5.5919 3E+ 04 

TOTAL NUMBER OF STEPS 

80 

(G/SEC) 

ENTROPY 

2.1560 

FUNCT EVALUATIONS 

103 

(CAL/G/DEG K ) 
MACH NUMBER 

1.9774 

JACOBIAN EVALUATIONS 

17 

GAMMA 

1.2743 



ENTHALPY 

3 79343E+02 



(CAL/G) 

SP. HEAT (CP) 

3.27469E-01 




(CAL/G/DEG K) 


CHEMICAL PROPERTIES 


iPECIES 

CONCENTRATION 

(MOLES/CM**3) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (M0LE/CM**3/SEC) 

REACTION 

NUMBER 

RATE CONST 
COS UNITS 

NET ENERGY EXCHANGE RATE 
(CAL-CM**3/0**2/SEC) 

NET RATE/POS1- 
TIVE DIR RATE 

CH4 

4.91663E-07 

4 . 05S55E-02 

-2.O4428E-03 

1 

1 .7243E*Q6 

4 , 22765E + 06 

0.45858 

CH3 

1 .87424E-08 

1 .54523E-03 

2.41396E-04 

2 

4 . 0194EM2 

8.95979Ei05 

0 .85780 

H 

1 .00305E-10 

8.26 97 0E-06 

2.62788E-06 

3 

7 . 2249E+06 

-4 . 50456E ♦ 06 

0.54351 

H2 

8 . 7 0599E-09 

7 .17771E-04 

1 82136E-04 

4 

6 . 38 52 E H 2 

1 .07993E»07 

0.99612 

02 

2.33987E-06 

1 . 9291 2E-01 

-1 . 51872E-03 

5 

5.6617E+12 

-1 .74675E*08 

0.98245 

H02 

2.14976E-09 

1 .772S8E-Q4 

1 .86213E-05 

6 

5 . 9459E + 09 

6.314486^07 

0.98890 

0 

1 .626 386-10 

1 . 34088E-05 

3.587 1 9E-06 

7 

6 . 3000E+ 1 2 

-1 909Q4E+07 

0 . 76078 

OH 

5 0111 OE -10 

4.13143E-05 

1 . 17881E-05 

8 

1 . 1445EU1 

4 . 9Q885E + 07 

1 . 00000 

H20 

9 . 19391E-08 

7 . 57998E-03 

2.06236E-03 

9 

1 . 2139EM3 

-3 . 56 356 E^ 08 

0 .10895 

CH30 

2.016 36 E~ 1 0 

1 . 66240E-05 

3 . 28997E-06 

10 

7 9611E+12 

-6 . 25094E + 05 

0 . 99997 
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TABLE D.2. — Continued 

(h) Continued. 


CH20 

3.40861E-08 

2.81025E-05 

3.90598E-04 

C2H6 

1 .48603E-08 

1 .22517E-03 

1 .90737E-04 

C2H5 

1 .842S3E-12 

1 .51892E-07 

-1 .11263E-08 

C2H4 

6 .93688E-09 

5 . 71916E-04 

2 . 45640E-04 

CH2 

1 .02897E-12 

8 .48343E-08 

5.54917E-0S 

C2H3 

1 .26767E-12 

1 .04514E-07 

6 . 77 1 91 E-08 

C2H2 

1 . 13146E-10 

9.32836E-06 

6.13771E-06 

HCO 

4 .78502E-12 

3.94504E-07 

1 .77276E-07 

C2H20 

6 . 17333E-13 

5.08965E-08 

3.52495E-08 

C2H 

6 . 19563E-16 

5.10803E-X1 

-2.48645E-11 

CO 

1 .45973E-08 

1 .20348E-03 

5.18771E-04 

C2H0 

2 . 20257E-1 3 

1 .S1592E-08 

1 .64241E-08 

CH 

1 . 45162 E-l 6 

1 . 19680E-11 

5 . 6 1504E-12 

C02 

9.07745E-11 

7 . 48396E-06 

4.75308E-06 

H202 

2 85151E-12 

2. 35095E-07 

3.47544E-08 

N2 

9. 10447E-06 

7 . 5Q624E-01 

-8 .48242E-10 

HCN 

4 . 05268E-16 

3 , 34126 E-l 1 

1 .22506E-I1 

N 

5. 18291E-17 

4.27309E-12 

1 .22165E-12 

CN 

1 .64557E-17 

1 .35670E-12 

8 . 77729E-15 

HNCO 

1 .01663E-12 

8.3817 0E-08 

2.70655E-09 

NCQ 

5.76 588 E~1 4 

4.75372E-09 

*3.88 585E-09 

NH2 

2.62917 E-l 4 

2 . 16764E-09 

8 . 64340E-1 0 

NO 

7.737 32E-1 9 

6 .37908E-09 

4.33469E-10 

NH 

2 . 87 343E-1 4 

2.36902E-09 

-5.25303E-11 

N02 

1 .04519E-14 

8.61711E-10 

5 . 9923 1 E-l 1 

N20 

4 . 01764E-14 

3. 31237E-09 

7 .78525E-10 

HN02 

4.1093LE-19 

3. 38795E-14 

9.2S572E-15 

HN03 

7 . 84827E-21 

6 .47056E-16 

1 .84475E-16 

HNO 

1 . 53856E-18 

1 .26848E-13 

3. 57553E-14 


11 

1.1643E+13 

-1 .03316E+06 

1.00000 

12 

3. 1401 E+ 13 

-4 . 2337 0E+07 

1 . 00000 

13 

1 . 26 56 E+l 3 

9 . 007 55E+07 

0.96218 

14 

4 . 7 029E+1 1 

-1 .89485E+05 

0.84696 

15 

4 . 8000E+13 

-4 . 92020E+03 

0.99007 

16 

2 . 0000E+1 3 

-2. 06356E+05 

0.99973 

17 

7.8275E+12 

-1 . 14722E+05 

0.99970 

18 

2.7825E+07 

8 . 34820E+05 

1.00000 

19 

3 . 3619E+12 

-1 .74650E+06 

0.99996 

20 

1.5147E+12 

2 . 44946E+04 

0.03569 

21 

2 . 3792E+12 

-6 . 16035E+05 

1 .00000 

22 

5.8787E+12 

-4 . 19932E+05 

0.99990 

23 

2 . 8425E+1 1 

1 .64693E+06 

0.99779 

24 

4 . 2787E+12 

-8 . 6 2319E+06 

1.00000 

25 

6 . O000E+12 

-3 . 916 18E+02 

0.99942 

26 

3.3000E+13 

*4 . 71286E+03 

1.00000 

27 

5.0QG0E+12 

-2. 03896E+03 

0.99993 

28 

3. OOOOE+13 

-1 .82981E+01 

0.83495 

29 

3. OOOOE+13 

-1 .63287E-02 

0.97593 

30 

1 .4789E+03 

2 . 00478E+00 

0 . 90810 

31 

9.1334E+12 

-6 . 8726 0 E+ 04 

1 . 00000 

32 

1 .S271E+13 

-6 .654 57 E+04 

1 . 00000 

33 

8 .3027 E+l 1 

3 . 19646E+ 03 

0.99702 

34 

3 . 0200E+1 1 

-3 . 33966 E + 0 3 

0.99997 

35 

3.2387E+13 

-1 .25336E+04 

0.99999 

36 

2 .OOOOE+13 

-2 . 53939E+00 

0 .99655 

37 

7 . 0798E+11 

-2 . 5594 5E+05 

1 .00000 

38 

1 . 2020E+12 

-3.63790E+01 

1 .00000 

39 

1 . 0 0 0 0E+13 

-2. 55052E+02 

0 .99999 

40 

5 .OOOOE+13 

-2.271 4 5E+02 

0.97460 

41 

3 .0000E+13 

-5. 53197E+00 

1 .00000 

42 

5 . 6 045E+ 1 2 

*2. 92364E-01 

0.91892 

43 

1 .OOOOE + 13 

-3. 13858E-01 

1 . 00000 

44 

2 .8000E+13 

1 . 58583E+03 

0 , 58445 

45 

3 . 1468E+12 

-9.65093E+01 

0.67340 

46 

4 . 1886E+12 

1 .29688E+03 

0 .94764 

47 

7 . 3996 E+ 1 2 

1 . 42157E+01 

0.62214 

48 

4. 9330 E+ 12 

-1 . 32298E+00 

0.92770 

49 

2 . OOOOE+13 

-1 . 75647E+ 0 3 

1 .0 00 00 

50 

5.7163E+08 

2 . 10655E+03 

0.74408 

51 

5 .OOOOE+13 

-3.15580E+00 

1 . 00 00 0 

52 

1 . 2 546 E+ 1 2 

-1 .57440E+08 

1 .00000 

53 

2.000DE+13 

-2.59575E+05 

1 .0 0 000 

54 

3.2710E+06 

1 . 04331E+06 

0.99995 

55 

2. 1195E+13 

-8.98342E+07 

1.00000 

56 

7 . 87 53E + 1 2 

-3 . 22448E+06 

0.99999 

57 

1 .2669E+13 

-7 . 2897 0 E+ 06 

1 .00 00 0 

58 

7 -3394E+10 

-5.86167E+06 

0.99991 

59 

1 .2508E+13 

-8. 58946E+05 

0.99995 

60 

2. OOOOE+13 

-1 .52351E+08 

0.99998 

61 

5 . 9291E+04 

1 . 246 94E+04 

0 . 98660 

62 

2 . 3492E+1 0 

2.04299E+03 

0.99648 

63 

1 . 7812E+1 0 

3. 38694E+03 

0 .99990 

64 

2 . 3492E+1 0 

*1 .80751E+04 

0 .99957 

65 

3 . 7 000E+1 2 

-2.65679E-02 

0.99599 

66 

1 .OOOOE+13 

-2.09304E+03 

1 .00000 

67 

2 . 7793E+12 

*3 . 46240E+06 

1 .00000 

68 

2.1146E+10 

*1 .77309E-02 

0 .99991 

69 

3.7775E+12 

-2 . 90787E+02 

0.99957 

70 

1 .4071 E+l 3 

-3 . 03568E+0 1 

0,99654 

71 

5 . OOOOE+12 

-3 .19027 E+00 

0.99998 

72 

4. OOOOE+13 

*4 . 7274SE+01 

1 .00000 

73 

3. OOOOE+13 

-l .04318E+08 

0,99988 

74 

3. OOOOE+13 

*1 . 7 3829E+04 

1.00000 

75 

3. OOOOE+13 

-6.39424E+04 

1.00000 

76 

2. OOOOE + 13 

-7 .30031 E+03 

0.99999 

77 

3. 1971E+12 

2 . 42608E+07 

0.99997 

78 

7 . 3234E + 14 

-2.29399E+04 

1 .0 0 000 

79 

2 . 5Z22E+06 

-5 . 95223E+03 

1 .0 0000 

60 

3 . 1218 E+l 1 

-4 . 85167E+05 

0 . 99974 

81 

7 . 5272E+10 

-1 . 18821E+06 

1.00000 

82 

3. 3377E+11 

5 . 6 0904E+05 

0.77862 

83 

1 .6385E+12 

5.50J00E+07 

0.99735 

84 

7 .8421 E+12 

1 . 72419E+D5 

0.97268 

85 

3 . 9339E+1 3 

-3 .56870E+06 

0 . 93509 

86 

3.7432E+13 

*5 . 66904E+06 

0.99823 

87 

8 . 0000E+1 2 

*4 . 94382E+06 

0 .99199 

88 

9 . 8304E+13 

-6 . 1 581 9E+06 

1 .00000 

69 

5 . 6869E+1 0 

1 . 7 1 386E+05 

0.98969 

90 

4 . 032 1 E+l 2 

1 . 84062E+04 

0.91649 

91 

1 .8000E+12 

-2 . 387 57E+06 

0.99933 

92 

7 . 8000E+1 1 

-1 . 29745E+02 

0.99994 

93 

2 . 7309E+1 1 

4 . 1 1 537E+06 

0.99826 

94 

8 . 1 108E+ 1 2 

-3 . 98209E+06 

0 .57659 

95 

1 .9502E+15 

1 .07256E+07 

0 .7 5285 

96 

7 . 8431 E+ 01 

-4 . 30735E+03 

0.96759 

97 

4 . 0846 E+l 5 

-7 . 0236 1 E+02 

0.99282 

98 

1 .8714E+02 

-1 .01453E+02 

0.73735 

99 

1 . 5007 E+ 00 

2 . 7 3343E + 0 1 

0 .63000 

100 

4.0841E+08 

1 .51216E-Q2 

1 .0 0 00 0 

101 

1 .2935E+13 

-3.091 1 3E-01 

0 . 99521 

102 

1 .6770E+11 

-9.53688E-03 

0.82456 

103 

1 .7783E+11 

1 . 15967E+00 

0.99633 

104 

1 .2000E+13 

-2 . 1 1 495E-QZ 

1 .0 0 0 00 

105 

4.401 OE+1 3 

2. 66821 E+00 

0.97381 

106 

7 . 3861E+12 

-3 . 15352E+02 

0,96577 

107 

8 .5365E+12 

*6 . 51 284E+0 1 

0 .99293 

106 

2 . 3956E+1 3 

*4 . 49856E+ 01 

0.89861 

109 

3.7000E+12 

-1 .21137E+01 

0 . 99999 

110 

2 .OOOOE+13 

-1 .64033E+02 

i .00000 

111 

1 .OOOOE+13 

-4 . 5366 3E-05 

1 .00000 

112 

2. OOOOE + 13 

-3.52399E+01 

0.99986 

113 

9 . 0021E+1 1 

-3.49269E-06 

0.99876 

114 

2. OOOOE+12 

-1 .38230E-05 

0.99984 

115 

1 . 1683E+1 3 

-5.05361 E+0 1 

0.99975 

116 

2 . 3995E+1 2 

-1 .58091E+01 

0.96025 

117 

8 . 4152E+12 

-5. 36672E+00 

0.95539 

118 

7 .8629E+15 

4 . 476 58E+01 

0.98349 

119 

2 . 267 3E+14 

*5 . 92424E+01 

0.99988 

120 

1 . 2073E+08 

*4 . 6 3221 E-01 

0 . 99916 

121 

4 . 1 530E+07 

-6 . 36 36 5E + 01 

1 . 00000 

122 

4 . 6581E+04 

4 . 43828E+01 

1.00000 

123 

4. OOOOE+12 

-1.43670E-06 

1.00000 
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TABLE D.2. — Continued. 


(h) Continued. 


124 

3.6920E+07 

“2 . 59910E+02 

0.97684 

125 

2. 9991 E+ 10 

1 . 53282E+01 

0.99143 

126 

3 . 1036E+1 0 

-6.14560E-02 

1.00000 

127 

9.5871E+11 

-1.42067E+00 

0.69023 

128 

5 . 4 1 98E+09 

1.O6158E-01 

0.99950 

129 

9. 0137 E+ 15 

-7.80955E-05 

0 . 00034 

130 

9 . 16 08E+1 5 

2 . 06336E-0 1 

0.10093 

131 

5 . 0000E+12 

-2.55037E-04 

0.70678 

132 

6 . 4244E+15 

**2 .67106E-02 

0.10426 

133 

3 . 6 000E+13 

-1 .59443E-02 

0. 96381 


DERIVATIVES (CGS UNITS) > T 
MIXTURE MOLECULAR WEIGHT 


5.524I8E+00 RHO -1.17628E-06 V 

28.19088 TOTAL ENERGY EXCHANGE RATE -8.47574E+08 
(CAL-CMX*3/G*«2/SEC) 


3.11322E+00 

MASS FRACTION SUM 1.00000000 


COMPUTER TIME (CPU) REQUIREDi FOR THIS STEP - 4 . 559998E+00 S UP TO THIS TIME - 4.559998E+0Q S 


TIME 2.94056E-04 SEC AREA 1.43983E+03 SQCM 


AXIAL POSITION 4.70000E+01 CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(G/CMX*3) 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 
CG/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 


1.73099 
159772.69 
2 . 43059E-04 
2389.90 
5 . 59145E+04 
2.3067 
1.6664 
1.2739 


STEPS FROM LAST PRINT 88 

AVERAGE STEP SIZE 0.80410E-01 

METHOD ORDER 3 

TOTAL NUMBER OF STEPS 201 

FUNCT EVALUATIONS 329 

JACOBIAN EVALUATIONS *2 


ENTHALPY 3.80606E+02 

(CAL/G) 

SP. HEAT (CP) 3.35629E-01 

(CAL/G/DEG K) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/PDSI- 


(MOLES/CMXX3) 


RATE (MOLE/CM**3/SEC) 

NUMBER 

CGS UNITS 

(CAL-CM**3/Gx*2/SEC) 

TIVE DIR RATE 

CH4 

6 . Q2064E-1 1 

6 . 82084E-06 

-5 , 87364E-06 

1 

1 .7934E+09 

-5.63144E+07 

0 . 97085 

CH3 

1 .19228E-09 

1 .35075E-04 

-1 .20699E-04 

2 

1 . 0284E+13 

4 . 87 31 0E+04 

0.17515 

H 

4.30898 E-08 

4 . 88168E-Q3 

-5.41198E-04 

3 

6 . 0086E+08 

-8 . 10281E+04 

0.74230 

H2 

3 .857 19 E-08 

4 . 36 984E-03 

“2 . 36473E-04 

4 

1 . 6 106E+13 

8 . 02175E+05 

0 . 17803 

02 

8 .63190E-07 

9 . 7791 5E-02 

“1 . 07 343E-03 

5 

8 . 7054E+12 

-3.40203E+06 

0 . 17782 

H02 

1 .74059E-10 

1 .97193E-05 

-5.79197E-07 

6 

5. 7214E+I0 

1 . 20753E+06 

0 . 04232 

0 

1 . 10579E-07 

1 .25275E-02 

-8.86814E-04 

7 

6 . 3000E+1 2 

9 . 19504E+06 

0 . 04069 

OH 

1 .49823E-07 

I .697 36E-02 

-1 .37747E-04 

8 

6 . 0059E+11 

1 . 18884E+07 

1 .00000 

H20 

7 .20497E-07 

8 . 16257E-02 

7.73146 E-04 

9 

1 .0687E+13 

-1 .07608E+06 

0 . 04666 

CH30 

6 . 46103E-12 

7.31976E-07 

-5.46729E-07 

10 

1 . 7121E+13 

-6 .17155E+03 

0 .99996 

CH20 

1 .83927E-11 

2.0837 3E-06 

-1 .59315E-06 

11 

2. 1638E+13 

“1 . 39501 E+04 

0 . 99996 

C2H6 

S.02425E-14 

9.09074E-09 

-4.07503E-08 

12 

4 . 146QE+13 

-1 .78596E+05 

0 . 99996 

C2H5 

6.65571E-16 

7 . 54031E-11 

-7 . 03961E-10 

13 

1.4626 E+14 

4 . 90362E+05 

0.87112 

C2H4 

3 . 7 0903E-13 

4.20199E-08 

-7.96112E-08 

14 

6. 9790 E+ 11 

-8.62886E+01 

0.98542 

CH2 

1.08162E-11 

1 .22538E-06 

-1 .05343E-Q6 

15 

4. 8000 E+ 13 

-1 .52163E+03 

0 . 99690 

C2H3 

1.23486E-14 

1 .39899E-09 

-3.10263E-09 

16 

2. OOOOE+13 

-2.72888E+05 

0 . 99900 

C2H2 

6 . 54397E-14 

7.41372E-09 

-1 .35717E-08 

17 

1 . 7512E+1 3 

-1 . 16610E+04 

0.99919 

HCO 

1.13443E-12 

1.28520E-07 

-9.92805E-08 

18 

1.4561E+10 

3 . 36432E+04 

1.00000 

C2H20 

1 .85990E-14 

2.10709E-09 

-2.84900E-09 

19 

3 . 7 048E+12 

-6 . 08421E+04 

0 .99919 

C2H 

3.82673E-16 

4 . 33534E-1 1 

-7.74788E-11 

20 

1 .6340E+12 

- 2 .241 12E+04 

0 . 99211 

CO 

1.330Q5E-07 

1 .50683E-02 

-2.11330E-03 

21 

2.6012E+12 

-4 . 84566E+04 

1.0 0 0 00 

C2H0 

8.24620E-14 

9.34220E-09 

-1 .63594E-08 

22 

8.7238E+12 

-4.48370E+04 

0 . 99997 

CH 

2 . 29895E-1 2 

2.60450E-07 

-2.33637E-07 

23 

3.5548E+12 

2.8913IE+05 

0.99840 

C02 

2. 94490E-07 

3 . 336 30E-0Z 

2 . 24375E-03 

24 

4.1951E+12 

-6 . 01 287 E+04 

1.00000 

H202 

1 .00854E-11 

1 .14258E-06 

-1.66092E-07 

25 

6 . 0000E+1 2 

-3 . 24505E+03 

0.99996 

N2 

6.47146 E-06 

7 . 331 58E-01 

-1 .39162E-05 

26 

3 . 3000E+1 3 

-6.17739E+04 

1 .00000 

HCN 

3.70069E-13 

4.19255E-08 

-2.92180E-08 

27 

5 . OOOOE+1 2 

-1.17527E+Q4 

0.99996 

N 

1 . 07 008 E-12 

1 .21250E-07 

1 .50S82E-08 

28 

3 . 0000E+1 3 

-4 . 401 79E+00 

0 . 99115 

CN 

2.42331E-15 

2.74539E-10 

-1 .86181E-10 

29 

3 . OOOOE+1 3 

-1.99Q7ZE-G4 

0 . 99923 

HNCO 

5.24095E-14 

5.93752E-09 

~1 . 41 584E-09 

30 

6 . 8928E+06 

“9 . 27869E+00 

0 .51982 

NCQ 

1 . 58350 E-14 

1 .79396E-09 

-1 . 00964E-09 

31 

1 . 9939E+13 

-1 .16664E+05 

0 . 99914 

NH2 

2. 39470E-12 

2.71298E-07 

1 .01137E-08 

32 

4 . 2387E+13 

-1 .19334E+05 

0 . 99324 

NO 

6 . 36990E-1 0 

7.21651E-05 

2 . 778 05E-05 

33 

1 .4428E+12 

1 .81146E+03 

0 . 95008 

NH 

6 .78360E-14 

7 . 68520E-09 

1 .22212E-09 

34 

3 . 0680E+11 

-1 . 14685E+03 

0 .98770 

N02 

4 . 20865E-13 

4 . 76801 E-08 

1 .94602E-Q8 

35 

3.6459E+13 

-5 . 50197 E+03 

0 . 86475 

N20 

6 . 50891E-12 

7 .37401E-D7 

1 .756 58E-08 

36 

2 . 0000E+13 

-8 . 051 12E+02 

0 . 86453 

HN02 

2.70052E-14 

3 . 05944E- 09 

7 . 63746E-1 0 

37 

8 . 6245E+ 1 1 

-8 . 52231 E+04 

1 . 00000 

HN03 

3 . 13644E-18 

3 , 55330E-1 3 

9.72204E-14 

38 

1 . 2020E+12 

-1.83268E+04 

1 . 00000 

HNO 

9 . 25358E-14 

1 .04S35E-08 

1 . 98449E-09 

39 

1 .OOOOE+13 

-5.65020E+04 

1 .00000 





40 

5 . 0000E+1 3 

-6.47548E+04 

0.87289 





41 

3. OOOOE+13 

-4.30850E+01 

0.99998 





42 

6 . 5630E+12 

-2 . 90165E+00 

0.99994 





43 

1 .OOOOE+13 

-8.70650E-02 

1 . 00000 





44 

2 . 8000E+1 3 

“2 . 00975E+04 

0.99986 





45 

3.9877E+12 

-1 .45773E+03 

0.45025 





46 

5.4903E+12 

3 .62811E+04 

0.93782 





47 

1 .3915E+13 

-1 .86508E+02 

0.44847 





48 

9 -2767E+12 

-4 .89658E+01 

0.45039 





49 

2. OOOOE+13 

-7 .I2066E+04 

1 . 00000 





50 

6.5192E+10 

-2.68353E+04 

0 .65700 





51 

5. OOOOE+13 

-2.61963E+03 

0.99880 





52 

2.2096E+12 

“6 .48701E+06 

1.00000 





53 

2. OOOOE+13 

-7 .88882E+06 

1 .00000 





54 

1.9577E+09 

4.8I299E+05 

0.99179 





55 

2 . 3302E+13 

-3 . 1526 3E+07 

0 . 99980 
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TABLE D.2. — Continued, 
(h) Concluded. 


56 

1 . 0791E + 1 3 

-2 . 02655E+06 

0.99980 

57 

1 . 67 14E+1 3 

-6 . 98141E+06 

0.99980 

58 

1 .38Z0E+I1 

-7 . 49698 E+02 

0.99976 

59 

1 .4666E+13 

-2.99182E+04 

0 . 99518 

60 

2.0000E+13 

-1 .23798E+06 

0.79714 

61 

8. 1934 E+ 07 

1 . 31 0 0 9 E+ 06 

0.81871 

62 

2.2115E+11 

1 . 03927E+06 

0.99564 

63 

1.6821E+11 

2 . 72626 E+ 06 

0 . 99566 

64 

2. 2115 E+ 11 

-6 . 37970E+06 

0.99565 

65 

3. 7000 E+ 12 

-2.71234E+06 

1 .00000 

66 

1. OOOOE+13 

-2.42006E+07 

1 .0 0 0 00 

67 

5 . 6453E+ 12 

-5 . 39733E+07 

0.99999 

68 

2 . 0256 E + l 1 

~Z . 23498E+ 03 

0.93021 

69 

7 . 057 OE+12 

“3 . 14433E+06 

0.93020 

70 

2. 6033 E+ 13 

*4 .68386E+05 

0.92997 

71 

5.0000E+12 

-6 . 97522E+02 

0.99981 

72 

4 . OOOOE+13 

-1 .03379E+04 

1 .00000 

73 

3 . OOOOE+13 

-1 .77206 E+ 07 

0.98129 

74 

3 . OOOOE+13 

-5.52331E+06 

0.99604 

75 

3. OOOOE+13 

-8 . 93434E+06 

0.99604 

76 

2 . OOOOE+13 

-l .46561E+06 

0.99602 

77 

1 .0929E+13 

2 . 36 345E+07 

0.83462 

78 

1 . 0122E+15 

-2.78245E+08 

0.98353 

79 

1 .0885E+08 

-5.36054E+05 

0. 31370 

80 

3 . 3782E+1 1 

-8 . 8491 0E+ 08 

0.31254 

81 

4 . 6 003E+1 1 

-9.06117E+06 

0.85463 

82 

1 .4226E+12 

8 . 23685E+06 

0 . 00025 

83 

5.9804E+12 

1 .06713E+08 

0.00169 

84 

2 . 3219E+1 3 

1 .09010E+07 

0 . 00348 

85 

4.6528E+13 

-2 . 446 73E+08 

0.78744 

86 

4 . 0506 E+l 3 

-5. 27725E+08 

0.78818 

87 

8 . ODQOE+12 

-1.88176E+08 

0.78813 

88 

1 .0697E+14 

-3 . 6 3733E+08 

0.78854 

89 

4 . 0926 E + l 1 

-6 .72749E+06 

0.88377 

90 

4 . 5140E+12 

-3.47 400E+06 

0.88415 

91 

1 .8000E+12 

2 . 56 925E+04 

0.45321 

92 

7 .8000E+11 

-3.80603E+05 

0.97550 

93 

9 . 9220E+12 

-2 . 35229E + 07 

0 . 02159 

94 

1 .3126E+13 

-6 . 2257 7 E+07 

0 . 00323 

95 

1 .8022E+15 

-1 .42386E+09 

0.88687 

96 

3.1563E+05 

-5. 07962E+08 

0.97603 

97 

2.9708E+15 

-2. 11259E+08 

0.97604 

98 

3.6600E+05 

-2.66489E+07 

0.97595 

99 

1 .2142E+04 

-7 . 58392E+06 

0.97600 

100 

1.8302E+09 

1 .50970 E+ 05 

1.00000 

101 

1 . 9655E+13 

6 . 07974E+03 

0 .90889 

102 

7 . 9062E+1 1 

1 . 06870E+04 

0 .90921 

103 

2 . 2182E+ 1 1 

-2 . 71972E+03 

0.94565 

104 

1.2000E+13 

-4. 18981E+03 

0.99975 

105 

7 . 067 3E+ 1 3 

-5. 50064E+03 

0.54791 

106 

1 . 5031E+13 

5. 1 1 1 57 E+02 

0.24211 

107 

1 .6699E+13 

-1 . 508 1 9E+03 

0 .26818 

108 

2 . 5924E+13 

-3. 19571E+03 

0.54868 

109 

3. 7000 E+ 12 

2 . 6 517 0E+01 

0.34238 

no 

2. OOOOE+13 

-6 . 06163E+04 

0.99999 

in 

1 .OOOOE+13 

-5. 0577QE-01 

0.99349 

112 

2. OOOOE+13 

-8 . 224 39 E+ 03 

0.99941 

113 

1 .9730E + 12 

-1 .97772E + 03 

1 . 00000 

114 

2. OOOOE + 12 

-3 . 56666 E+ 03 

0.99980 

115 

1 .6042E + 13 

-7 . 38 369 E+ 03 

0 07615 

116 

2. 3108E+12 

-2 . 496 51 E+02 

0 . 01194 

117 

8 .82D6E+12 

-2. 50632E+05 

0.78562 

118 

7 . 1749 E+l 5 

-4.90809E+06 

0.88803 

119 

2 . 5463E+ 1 4 

-1 . 79043E+06 

0 . 78598 

120 

6 . 4580E+09 

-7 . 041 0 1 E+ 06 

0.97980 

121 

1 .4962E+09 

- 2 . 73988 E+ 06 

0 . 97984 

122 

1 . 9161E+07 

1 .74320E+07 

0.99831 

123 

4. OOOOE+12 

-2.35361E+00 

0.99568 

124 

2.8189E+Q9 

-7 . 34631 E+ 0 5 

0,86997 

125 

2 . 7394E+1 1 

-2.15135E-I05 

0.81540 

126 

2 . 5402E+11 

-1 .09650E+05 

0.99999 

127 

3. 1578E+12 

-7 . 6 1 7 02E+05 

0.81571 

128 

5 . 3486E+10 

-2 . 9 1 988 E+03 

0.88751 

129 

6 .6776E+15 

- 8 . 14530 E~ 02 

0 .00003 

130 

8.0103E+15 

-6 , 4291 7 E+03 

0.00113 

131 

5. OOOOE+12 

-I . 77807E+04 

0 .96366 

132 

6. 1272E+15 

-4 , 21 056 E+05 

0.33831 

133 

3.6000E+13 

-5.67397E+05 

0.96378 


DERIVATIVES (CGS UNITS) t T 
MIXTURE MOLECULAR WEIGHT 


2 . 1 430 1 E+01 RHO -1 , 83017E- 06 V 

27.53632 TOTAL ENERGY EXCHANGE RATE -4.83687E+09 
(CAl-CMX#3/GX#2/SEC) 


1 .99510E+00 

MASS FRACTION SUM 1.00000003 


COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP - 5 . 949997E+00 S UP "0 THIS TIME - 1.321999E+01 S 


( LSENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM: 

TOTAL NO. OF STEPS - 201 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 329 

TOTAL NO. DF JACOBIAN EVALUATIONS - 42 

TOTAL CPU TIME - 13.219994 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED - 15.500000 S 


(LSENS) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued, 
(i) Case 9 


** DATA LINES ** 


cc 


12345678 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 


LSENS METHANE AIR MECHANISM ASSIGNED (CONST,) TEMP. 
REPEAT 

DISTANCE PRESSURE 


Stmpdat 

Sstart 


&prob cx0=1.730, combus 3 . true . , exchr= . false . , 
print=25. 0,42. 0,48.0, Send 
cx0=1700 . 0 , Send 
ea=1000.0, mach=Z.O, Send 


atolsp=l . OE-13, Send 


CH4 

0 . 049768 

02 

0 . 199072 

N2 

0.75116 

CN 

0 .0000001 

END 


Ssolver 

emax=l , OE-' 

FINIS 



FLOW PROBLEM 


CASE 9 


*K EQUILIBRIUM CALCULATION NX 


THERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNED TEMPERATURE AND PRESSURE 


INITIAL STATE 

1.7300 
0 . 00 

3.49869E-04 

1700.00 

379.22696 

259.48010 

0.32691 

2.1420 

0.0000 

1.2746 

79913.95 


MIXTURE MOLECULAR WEIGHT 

DCLDG VOLUME)/D( LOG T) 

AT CONSTANT P 

D( LOG VOL UME )/D( LOG P) 

AT CONSTANT T 


FINAL STATE FINAL/INITIAL RATIO 


1 .7300 

1.0000 

0.00 

1 . 0000 

3.49843E-04 

0 . 9999 

1700.00 

1.0000 

41.16700 

0 .10856 

-78.58891 

-0.30287 

0.33141 

1 . 01374 

2.1511 

1.0042 

0.0000 

1.0000 

1.2699 

0.9963 

79789.35 

0.9984 


SPECIES 

MOLE FRACTION 

CH4 

2.82089E-10 

CH3 

2.82089E-10 

H 

2.4398IE-07 

H2 

4 . 80198E-06 

02 

9 . 84867E-02 

H02 

9 . 4Q550E-07 

0 

1 . 05975E-05 

OH 

2 . 67611E-04 

H20 

9 . 93S92E-02 

CH30 

2.82089E-10 

CH20 

2.82089E-10 

C2H6 

2 . 82089E-1 0 

C2H5 

2.82089E-10 

C2H4 

2.82089E-10 

CH2 

2 . 82089 E-l 0 

C2H3 

2.82089E-10 

C2H2 

2 . 82089E-1 0 

HCO 

2.82089E-10 

C2H20 

2.82089E-10 

C2H 

2.82089E-10 

CO 

8.17330E-06 

C2H0 

2.82089E-10 

CH 

2.82089E-10 

C02 

4 . 97562E-02 

H202 

2.40530E-08 

N2 

7 . 501 31 E-01 

HCN 

2.82089E-10 

N 

2.82089E-I0 

CN 

2 . 82089E-10 

HNCO 

2 . 82089E-10 

NCO 

2 . 82089E-10 

NH2 

2.82089E-10 

NO 

1.93922E-03 

NH 

2.82089E-10 

N02 

5 . 54534E-06 

N20 

1 .46579E-07 

HN02 

8.25410E-08 

HN03 

2.82089E-10 

HNO 

2.82089E-10 


28.20888 

1.0010 

- 1.0000 

COMPUTATIONAL WORK REQUIRED FOR EQUILIBRIUM CALCULATION. 
NO. OF ITERATIONS = 23 CPU TIME = 8.000183E-02 S 


PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
(G/CMXX3) 
TEMPERATURE 
(DEG K) 
ENTHALPY 
(CAL/G) 

INTERNAL ENERGY 
(CAL/G) 

SP. HEAT (CP) 
(CAL/G/DEG K) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 

SDNIC VELOCITY 



SPECIES 

CM 4 
CHS 
H 

H2 

02 

H02 

0 

OH 

H20 

CH JO 

CH20 

C2H6 

C2H5 

C2H9 

CH2 

C2HS 

C2H2 

HCO 

C2H20 

C?H 

CO 

C2MO 

CH 

C02 

H202 

N2 

HCN 

N 

CN 

HNCQ 

HCO 

HH2 

HO 

HH 

N02 

N20 

HN02 

MHOS 

HHO 


TABLE D.2. — Continued, 
(i) Continued. 

** INITIAL CONDITIONS 


TIME 0 . OOOOOE+OO SEC 


AREA 1 , Q0Q00E+03 SQCi 


AXIAL POSITION O.QQQQQE+QO CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(G/CM**3> 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH HUMBER 


1 .73000 
1 59827 . 84 
J.99869E-09 
1700 . 00 
5.591B8E+09 
2.1920 
2 .0000 


STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


0 

0 . OQQQOE+OO 
0 


TOTAL HUMBER OF STEPS 0 
FUHCT EVALUATIONS 0 
JACOBIAN EVALUATIONS 0 


GAMMA 


1.2796 


ENTHALPY 3.79227E+02 

(CAL/G) 

SP. HEAT (CP) 3.2691 JE-0 1 

(CAL/G/DEG X) 


CHEMICAL PROPERTIES 


CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 

(MUIES/CM**J) 


RATE < MOL E/CM K* 3/ SEC ) 

NUMBER 

COS UNITS 

(M0LE-CM**3/G**?/SEC) 

TIVE DIR RATE 

6 . 172I6E-07 

9 . 97680E-02 

-1 . 50903E-05 

1 

9. 7299E+05 

6 . 081 03E+01 

1 . 00000 

0 . OOOOOE+OO 

0 . OOOOOEtOO 

1 . 50903E-05 

2 

3.7198E+12 

0. OOOOOE + OO 

0 . 00000 

0.0G00QE+GQ 

0. OOOOOEtOO 

7 . 99 56 9E-06 

3 

5.0180E+06 

6 . 29678E+01 

1 . 00000 

0 . OOOOOE+OO 

0 . OOOOOEtOO 

0 .OOOOOEtOO 

9 

5.9I62E+12 

0 . OOOOOE+OO 

0 . 00000 

2. 96886E-06 

1 99072E-01 

-8 . 05210E-05 

5 

5.6736E+12 

0 . OOOOOE+OO 

0 .00000 

0 , OOOOOE *00 

0 . OOOOOE+OO 

7 . 69658E-06 

6 

9 .9339E + 09 

0 . OOOOOEtOO 

0 00000 

0 . QQOOOE+OO 

0 . OOOOOEtOO 

7 . 28795E-05 

7 

6 . 3000E + 12 

0 . OOOOOE+OO 

0 . 00000 

0 . 00000E * 00 

0 . OOOOOEtOO 

0 . OOOOOE+OO 

8 

9 . 9825E+ 1 0 

0 . OOOOOEtOO 

0 00000 

0 . OOOOOE+OO 

0 . OOOOOEtOO 

0. OOOOOE+OO 

9 

1 .2297E+13 

0 . OOOOOE+OO 

0 00000 

0 . 00000E * 0 0 

0 . OOOOOEtOO 

0. OOOOOE + OO 

10 

7 9790E+12 

0 . OOOOOE + OO 

0 . 00000 

0 000Q0E + 00 

0 . OOOOOEtOO 

0 . OOOOOE+OO 

11 

1 . 1069E+13 

0 . OODOOE+ 00 

0 .00000 

0 .OOOOOE+OO 

0 . OOOOOEtOO 

0. OOOOOE+OO 

12 

3.0690E+13 

0 , OOOOOEtOO 

0 , 00000 

0. OOOOOE+OO 

0 . OOOOOEtOO 

0. OOOOOE+OO 

13 

1 .0399E+13 

0 . OOOOOE+OO 

0 . 00000 

0 . OOOOOE * 00 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

19 

9.5529E+J1 

0 .OOOOOE + OO 

0 . 00000 

0 . 00000E+00 

0 . OOOOOEtOO 

0. OOOOOE+OO 

15 

9.8C00E+13 

0 . OOOOOE + OO 

0 . 00000 

0 . OOOOOE * 00 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

16 

2 .000GE+13 

0 . OOOOOE + OO 

0 . 00000 

0 . OOOOOE+OO 

0 . OOOOOEtOO 

0 .OOOOOE + OO 

17 

7 . 3297 E + 1 2 

0 OOOOOEtOO 

0 . 00000 

0 . OOOOOE+OO 

0 . OOOOOEtOO 

0 . OOOOOE+OO 

18 

1 . 6 6 06 E+ 0 7 

0 . OOOOOEtOO 

0 .00000 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOE+OO 

19 

3, 3351E + 12 

0 OOOOOEtOO 

0 00000 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

20 

1 . 5053E + 12 

0 . OOOOOEtOO 

0 00000 

0 , OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE+OO 

21 

2. 3618E+I2 

0 . OOOOOE+OO 

0 , 00000 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOEtOO 

22 

5.6909E+12 

0 . OOOOOEtOO 

0 00000 

0. OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE + OO 

23 

2.3080E+11 

0 . OOOOOE+OO 

0 . 00000 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE+OO 

29 

9 . 2857E + 12 

0 . OOOOOE+OO 

0 . 00000 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE+OO 

25 

6 . OOOOE+12 

0 . OOOOOEtOO 

0 . 00000 

9 . 31 57* E- 06 

7 . S1I60E-01 

-1 . 20B55E- 1 1 

26 

3. 3000E+13 

0 . OOOOOEtOO 

0 ooooo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

27 

5 . OODOE + 12 

0 . OOOOOEtOO 

0 . ooooo 

0. OOOOOEtOO 

0 OOOOOE+OO 

0 .OOOOOE + OO 

28 

3. OOOOE + 1 3 

0 . OOOOOE + OO 

0 . ooooo 

1 , 2901 9E-12 

1 . Q0000E-Q7 

-7 . 28799E-05 

29 

3. 0000E+13 

0, OOOOOE+OO 

o ooooo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOE+OO 

30 

7 . 3700E + 02 

0. OOOOOE+OO 

0 . ooooo 

0 . OOOOOEtOO 

0 OOOOOEtOO 

7 . 28799E-05 

31 

6.5690E+12 

0 . OOOOOEtOO 

0 ooooo 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

0 . OOOOOE + OO 

32 

1 . 7 096 E+ 1 3 

0 . OOOOOEtOO 

0 . ooooo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

33 

7 . 9 329E+ 1 1 

0 . OOOOOEtOO 

0 . ooooo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE+OO 

39 

3. 0160E+ 1 1 

0 OOOOOEtOO 

0 . ooooo 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 .OOOOOE + OO 

35 

3.2072E+I3 

0 . OQOOOEt 00 

000000 

0 . OOOOOEtOO 

0 OOOOOE+OO 

1 .20655E-1 1 

36 

2 . OOOOE+1 3 

0 . OOOOOEtOO 

0 ooooo 

0 . OOOOOEtOO 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

37 

6 . 96 56 E + 1 1 

0 OOOOOEtOO 

0.00000 

0 . OOOOOEtOO 

0 OOOOOEtOO 

0 . OOOOOE + OO 

38 

1 .202DE+ 12 

0 . OOOOOEt 00 

0,00000 

0 .OOOOOEtOO 

0 .OOOOOE + OO 

0 . OOOOOE + OO 

39 

1 . OOOOEU 3 

0 , OOOOOEtOO 

Q OOOOO 




90 

5. OOOOE+1 3 

Q . OOOOOEtOO 

0 OOOOO 




91 

5. OOOOE+13 

0 . OOOOOEtOO 

0 . OOOOO 




92 

5. 5320E+12 

0 . OOOOOE+OO 

0 . OOOOO 




93 

1 . ODOOE+ 1 3 

0 . OOQOOE+OD 

0,00000 




99 

2.8000E+13 

0 . OOOOOEtOO 

0 ooooo 




95 

3. 0659E+12 

0 . OOOOOEtOO 

0 . ooooo 




96 

9 . 0962E+ 12 

0 . OOOOOE* 00 

0 ooooo 




97 

7 . Q291E + 12 

0 . OOOOOEtOO 

0 ooooo 




98 

9 6827E+12 

0 . OOOOOEtOO 

0 , ooooo 




99 

2 . OOOOE+13 

0 . OOOOOE+OO 

0 . ooooo 




50 

3.8682E+08 

0 . OOOOOEtOO 

0 ooooo 




51 

5. OOQOE+ 13 

0 . OOOOOE + OO 

0 ooooo 




52 

1 . 1979E + 12 

0 . OOOOOE + OO 

0 ooooo 




53 

2. OOOOE+13 

0 .OOOOOE+OO 

0 . ooooo 




59 

1 . 9307E + 06 

0 . OOOOOEtOO 

0.00000 




55 

2.1031E+13 

0 . OOOOOE + OO 

0 . ooooo 




56 

7 .67 J5E + 12 

0 . OOOOOE+OO 

0 ooooo 




57 

1 . 2383E + 13 

0 . OOOOOE + OO 

0 . ooooo 




58 

6 . 9803E + 10 

0 . OOOOOE + OO 

0 ooooo 




59 

1 . 2369 Et 1 3 

0 . OOOOOE + OO 

0.00000 




60 

2. OOOOE+13 

0 . OOOOOE + OO 

0 . ooooo 




61 

3. 2663E + 09 

0. OOOOOEtOO 

0 ooooo 




62 

L . 9580E + 10 

0 . OOOOOEtOO 

0 ooooo 




63 

l . 9692E + I0 

0 .OOOOOEtOO 

0 ooooo 




69 

1 . 9560E + 10 

0 . OOOOOE+OO 

0.00000 




65 

5 7000E+12 

0 . OOOOOE+OO 

0 . ooooo 




66 

1 OOOOE+13 

0 OOOOOEtOO 

0 ooooo 




67 

2.6268E+12 

0 OOOOOEtOO 

0 ooooo 




68 

1 7601E+10 

0 . OOOOOE+OO 

0 ooooo 




69 

5 5950E+12 

0. OOOOOE+OO 

0 . ooooo 




70 

1 . 3913E+13 

0 OOOOOE+OO 

0.00000 




71 

5. 0000E+12 

0 . OOOOOE+OO 

0 ooooo 




72 

9 . OOOOE+13 

0 . OOOOOEtOO 

D , OOOOO 




73 

3. OOOOE + 13 

0 . OOOOOEtOO 

0 ooooo 




79 

3. OOOOE + 13 

0 . OOOOOEtOO 

0 . ooooo 




75 

3 OOOOE+13 

0 . OOOOOEtOO 

0 ooooo 




76 

2 OOOOE+1 3 

0 . OOOOOE+OO 

0 . ooooo 




77 

2.8889E+12 

0 . OOOOOEtOO 

0 ooooo 




78 

7 . 1 305E+19 

0 OOOOOEtOO 

0 . ooooo 
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79 

1 .8A92E*06 

0. 00000E+00 

0.00000 

80 

3.1015EH1 

0 . OOOOOE+OO 

0 . ooooo 

81 

6 .A836EH0 

0 . 00000E LOO 

0.00000 

82 

2.9616EU1 

0 OOOOOE+OO 

0 .00000 

83 

1 .A726EM2 

o. oooooe+oo 

0.00000 

8 A 

7 . 170SEM2 

0 . OOOOOE+OO 

0 . ooooo 

85 

3 . 87 99E* 1 3 

0 . OOOOOE+OO 

0 . ooooo 

86 

3.7189EO 3 

0 . OOOOOE* 00 

0 . ooooo 

B 7 

8 . 00 0 0 E •) 2 

0 . 00000E * 00 

0 . ooooo 

88 

9 . 7622LI 1 3 

o.ooooouno 

0 . ooooo 

89 

A.8329EU0 

0 . 000 DOE • 0 0 

0 . ooooo 

90 

3.99A8E+ 12 

0 . 00000E * 00 

0 . ooooo 

91 

1 . 8000EH2 

0. OOOOOE* 00 

0 . ooooo 

92 

7 . 8000E ♦ 1 1 

O.OOOOOEJOO 

0 . ooooo 

93 

2 . 0307EU 1 

0 . OOOOOE* 00 

0 . ooooo 

9A 

7 7952EU2 

0 . 00000E I 00 

0 . ooooo 

95 

1 . 96 30E> 1 5 

0 . OOOOOE+OO 

0 . ooooo 

96 

3 . 9 562E » 0 1 

0 . OOOOOE * 00 

0 ooooo 

97 

A 1765E+15 

0 . OOOOOE + 00 

0 . ooooo 

98 

1 . 0018E+02 

0 . OOOOOE* 00 

0 ooooo 

99 

7 . 1175E-01 

1 . 78032E-0A 

1 ooooo 

100 

3 . 6 0 9 0 E * 08 

0 . OOOOOE* 00 

0 ooooo 

101 

1 . 2A97 L ♦ 1 3 

0 . OOOOOE* 00 

0 . ooooo 

102 

1 .A798EU 1 

O.OOO0OE*OO 

0 . ooooo 

103 

1 . 7A62EH1 

0 . OOOOOE ♦ DO 

0 . ooooo 

1 0 A 

1 .20Q0E+13 

0.00000E*00 

0 . ooooo 

105 

A. 232AE+13 

0. 00000E+00 

0 . ooooo 

1 06 

6 . 965BE+ 12 

0 . OOOOOE* 00 

0 . 0 0 0 0 D 

107 

8 . 07 7 OE * 1 2 

0. 00000E+00 

0 . ooooo 

108 

2 . 380 1 E+ 1 3 

5. 95338E* 02 

1 .ooooo 

1 09 

S.7000EH2 

0 . OOOOOE* no 

0 . OOOOO 

no 

2 . 000 OE n 3 

0. OOOOOE* 00 

0 ooooo 

m 

1 0000E* 1 3 

0 OOOOOE * GO 

0 ooooo 

112 

2.0000EU3 

0 OOOOOE * 00 

0 ooooo 

I 1 3 

8 . A381E+ 1 1 

0 . OOOOOE+OO 

0 . ooooo 

1 1 A 

2 0000EM2 

0 . OOOOOE *00 

0 ooooo 

115 

1 . 1A05EI 1 3 

0 . OOOOOE * 00 

0 . ooooo 

116 

2 . A070EU2 

0 . OOOOOE ♦ 00 

0 ooooo 

117 

8 . 3826 E * I 2 

0 . OOOOOE * 00 

0 ooooo 

118 

7 -9225EU 5 

0 OOOOOE* 00 

0 . ooooo 

1 19 

2 . 2A57 E tl A 

0 . 000001 * 00 

o o no in) 

120 

8 . 6 9 58 E * 0/ 

0 . OOOOOE * 00 

0 . 0 0 0 1) u 

121 

3. 1 028 E * 0 7 

0 . OOOOOE* 00 

l) . D000U 

122 

2.8358E+QA 

0 . OOOOOE* 00 

0 . oouoo 

123 

A . 00 0 0 EU2 

0 . OOODDE * no 

0.0000 0 

12A 

2. 5566 E * 0 7 

0 . OOOOOE * 00 

0 . 0 0 U 0 0 

125 

2.A991EH0 

-9 67306E05 

1.00000 

126 

2 6Q97EUQ 

0. OOOOOE+OO 

u . ooooo 

127 

8 .6897EH1 

O.OOOnuEiQO 

0 . ooooo 

128 

A . A87 5E * 09 

0 . OOOOOE 1 00 

0 ooooo 

129 

9 . 239AEH 5 

0 . OOOOOE * 00 

0 ooooo 

1 30 

9 . 202/E M 5 

o . oooooi * no 

0 . ooooo 

131 

5. 0000EU2 

0 . OOOOOE l 00 

0 . ooooo 

1 32 

6.AA95L +15 

0 . OOOOOE * 00 

0 ooooo 

133 

3 600QEM3 

0 . OOOOOE* 00 

0 ooooo 


DERIVATIVES (CGS UNITS)> T O.COQGOE+OO RHD -1.51388E-Q9 V 0 00GU0L * 00 

MIX1URE MOLECULAR WEIGHT 28.21 1 02 TOTAL ENERGY EXCHANGE RATE 5.921Q5E+06 MASS TRACTION SUM 1 00000000 

(CALCM*i*3/GM*2/SEC) 

CPU TIME TOR INITIALIZATION OF L SENS * 1.190010 5 


TIME 3.0Q325E-QA 5EC AREA 1.Q0533E+03 SO CM AXIAL POSITION A.800G0E+01 CM 

INTEGRATION INDICATORS 

1.73000 STEPS FROM LAST PRINT 

159827.88 AVERAGE STEP SIZE 

3.A8Q1SE-0A METHOD ORDER 

1700.00 

5 59188E+0A TOTAL NUMBER OF STEPS 137 

2.1620 FUNCT EVALUATIONS 18A 

1.9915 JACOBIAN EVALUATIONS 25 

GAMMA 1.2787 

ENTHALPY 3.223A1E+02 

(CAL/O) 

SP. HEAT (CP) 3 . 2A936E-Q1 

CCAL/G/DEG K. ) 

CHEMICAL PROPERTIES 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
<G/CM**3) 
TEMPERATURE 
(DEG K> 

MASS FLOW RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEO K ) 
MACH NUMBER 


6 

0 . 1 05 1 9E+ 0 1 
A 


SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION 
(MQLES/CMHK3) RATE ( MOL E/CM**3/SEC) 

CHA 2.88178E-07 2.32367E-02 -2.67162E-03 

CH3 1.911A0E-08 1.5A122E-03 6.0A892E-06 

H 3 . 0955AE- 1 0 2.A9603E-05 A.69517E-06 

H2 2.9819AE-08 2.A0AA3E-03 2.39713E-0A 

02 2.180A6E-06 1.75817E-01 -3.027A6E-03 

H02 3.A5739E-09 2.78780E-0A I . 3355AE-05 

0 3.81901E-10 3.07938E-05 5.7179AE-06 

OH 1.21275E-09 9.778B1E-05 1 .690A5E-05 

H20 3 . 78990E-07 3.05592E-02 A . 30922E-03 

CH30 2.08A32E-10 1.68065E-05 -5.1A536E-07 

CH20 A . 37 1 6 1 E-08 3.52A96E-03 -1.69220E-OA 

C2H6 2 . 36 7 30E-08 1.90883E-03 -A.73879E-05 


REACTION 

RATE CONST 

NET REACTION CONV KATE 

NET 

RATE/POSI - 

NUMBER 

COS UNITS 

(MOL E“CM*+** 3/G***2/SEC ) 

TIVE 

DIR RATE 

1 

9 .72AAE+D5 

-1 

3 585AE + 02 


0.82561 

2 

3.7198E+12 

1 

98822E+ 0 3 


0 .72567 

3 

5. Q180E + Q6 

- 2 

. 16252E + 02 


0.89255 

A 

5 . 9162E+1 2 

5 

. 338 1 8 E * 0 3 


0 .99295 

5 

5. 6736E+12 

1 

55999E+0A 


0 . 9528A 

6 

A . 933AE+09 

1 

. 6 39 55E + 0 3 


0.96563 

7 

6 . 3Q00E+ 1 2 

-5 

. 921 80E + 03 


0 .83083 

8 

9 . 9825E+ 1 0 

2 

. 13057E + 05 


1 . OOOOO 

9 

1 22A7E+13 

8 

. 16156E + 03 


0.22092 

10 

7 . A7A0E+12 

A 

. 52179E+ 02 


0.99990 

11 

1 . 1Q6AEU 3 

8 

. 25857E+02 


1 . OOOOO 

12 

3 0690E+13 

7 

. 27A79E+03 


0 . 99998 
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C2H5 

9.8811 2E- 1 2 

7 96745E-Q? 

1 . 3821 9E-07 

13 

1 0344E+1 3 

8 ,49427E*03 

0 .81160 

C2H4 

4 . 7 0382E-08 

3 . 7 9284E-Q3 

5 . 12019E-04 

14 

4 5524E+1 1 

5.62227E+01 

0.69424 

CH2 

1 79722E-U 

1 .44916E-Q6 

5. 07118E-07 

15 

4 8000 E+ 13 

1 .201 32E* 00 

0 .99099 

C2H3 

2 . 427 32E- 1 1 

1 .95723E-06 

6 . 49998E-07 

16 

2 OOQOE+13 

5.671 53E*01 

0 . 99979 

C2H2 

2. 50923E-09 

1 . 86 200E-04 

5. 30853E-05 

17 

7 324 7 E* 1 2 

8 , 7 982 1 E + 02 

0 . 99909 

HCU 

1 .72899E-11 

1 . 39414E-Q6 

2.03886E-07 

18 

1 66 06 E* 07 

7 . 998 56 E* 0 1 

0.99999 

C2H20 

1 . 96 327 E“ 1 1 

1 . 58 304E- 06 

5 . 9 1 7 04E-07 

19 

3 3351 E+ 1 2 

1 57065E+03 

0 99984 

C2H 

3. 13259E-14 

2 . 52590E-09 

1 . 47 1 95E-09 

20 

1 5053E+12 

6 . 56 1 09E*02 

0 . 92540 

CO 

1 . 13925E-07 

9.1661 0E-Q3 

1 .72636E-03 

21 

2 3618E+12 

3 . 50 31 1 E*02 

1 .00000 

C2H0 

1.07987E-11 

8 .70729E-07 

4 . 19384E-07 

22 

5. 6904E + 12 

8 . 4 39 1 7 E* 02 

0 .99967 

CH 

6 . 98679E-1 5 

5.63366E-10 

3 . 47558E- 1 0 

23 

2 . 308 0 E+ 1 1 

5 . 6807 2E * 02 

0 . 99023 

C02 

2. 59512E-09 

2. 09253E-04 

6 . 9 1888E-05 

24 

4 . 28 57 E+ 1 2 

1 87287E*03 

1 . 00000 

H202 

9 . 50117 E- 12 

7.661 Q9E-07 

6 .55731 E-08 

25 

6 . 0000EU2 

3 . 7 206 7 £-0 1 

0 . 99953 

H2 

9 . 26636E-06 

7 .97175E-01 

-1 . 7 2464E-09 

26 

3. 3000E+1 3 

2 . 5258 1 E* 00 

1 . 00000 

HCN 

2.55361E-15 

2. 05905E-10 

4.97298E-11 

27 

5 . OOQOE+12 

1 .21519E*00 

0.99992 

N 

7 . 78540E-1 7 

6 27760E-12 

7 . 50689E-13 

28 

3 . 000QE* 13 

1 . 07325E-01 

0 99321 

CN 

3 . 20665E-18 

2 . 58 56 2E - 1 3 

6 . 29686E-13 

29 

3 . OOOOE + 1 3 

1 .87 195E-04 

0 . 99388 

HNCO 

9.54948E-13 

7 . 7 0004E- 08 

-2. 18034E-09 

30 

7 . 3700E*02 

-1 . 03774E 04 

0 , 37322 

NCO 

1 44339E 15 

1 . 16 38 5E-10 

4. 35551E-12 

31 

8.56401*12 

6 . 23591E * 01 

1 . 00000 

HH2 

l . 621 0 l £- 1 3 

1 . 307Q7E 08 

2. 1 2906 E- 09 

32 

1 . 7046EU 3 

1 .24122EI02 

0.99999 

NO 

t . 05015E-1 3 

8 . 46765EQ9 

4 . 81 276E-1 0 

33 

7 , 9329 E + 1 1 

1 . 8 1 026 E * 0 1 

0 . 98686 

NH 

1 . 33005E- 1 6 

1 . 07246E 09 

-1 . 74864E-1 0 

34 

3 0 1 6 OE* 1 1 

6 . 97 369E* 00 

0.99995 

ND2 

l . 16014E-14 

9 35452E10 

-6 . 06635E-1 1 

35 

3 2072E*13 

1 . 8 08 78E*01 

0 . 99998 

N2D 

1 . 33766E1 3 

1 . 07860E 08 

1 . 59959E-09 

36 

2 OOOOEU3 

6 .25400E-03 

0 . 99686 

MND2 

l 80283E-18 

1 45368E-13 

3 . 08435E-14 

37 

6 9656E*11 

1 . 35420E* 02 

1 . 00 000 

111103 

2.814 32E"20 

2 . 26928E-15 

2.1481DE-16 

38 

1 . 20 2 0 E + 1 2 

4 09293E02 

1 . 00000 

HMD 

7 . 99676E-18 

6 .448Q3E-13 

1 . 36210E-13 

39 

1 OOQOEU 3 

1 . 081 31E*00 

1 . 00000 





40 

5 0000EU3 

1 . 35S45E*GO 

0 .9807 5 





41 

3.000011 ] 3 

4 . 807 31 F - 02 

] . UDOOO 





42 

5. 5320EU2 

8 81928b 03 

0 . 99488 





43 

1 . 00 0 0 E* 1 5 

9.62829E- 03 

1 .0 00 00 





44 

2.S000E+13 

4 . 7 9 506 E * 00 

0 .8707 5 





45 

3. 0859EM2 

1 . 506 09 E- 0 l 

0 . 24826 





46 

4 . 096ZE*12 

-4. 57247E-02 

0 16196 





47 

7 . 0241E+12 

- 1 . 1 88 7 4E ♦ 00 

0.77131 





48 

4 . 6 82 7 E * 1 2 

2. 57325E01 

0 .8876 5 





49 

2. OOODEH3 

1 . 238146*00 

1 00000 





50 

3 . S682E * 08 

-5.90714E-01 

0.43169 





51 

5 . OOOOCU3 

4.9389 3E 0 3 

1 OOOOO 





52 

1 . 19/4C* 12 

4 4931 8E 103 

0 99999 





53 

2 . 00001*1 3 

1 . 06547E i 01 

1 00000 





54 

1 . 9 30 7 E * 06 

8 .6 36 1 86*00 

0 . 99924 





55 

2 . 1031EM3 

9 20600E * 0 3 

0 . 99999 





56 

7 6735E* 12 

8 . 57356E*02 

0 . 99996 





57 

1 2383E+13 

1 . 70697E* 03 

1 OOOOO 





58 

6 98031*10 

4 81 525E* 02 

0 99987 





59 

1 2369EU3 

3.375076*01 

0 . 99996 





60 

2 OOOOE* 1 3 

1 . 09126E * 04 

0 . 99997 





61 

3 266 3E * 04 

-2 .809 ] 51- 02 

0 50527 





62 

1 9580CUO 

8 .90671 E-Ul 

0.93114 





63 

1 4S42E* 10 

8 .9298 3E- 01 

0 . 99823 





64 

1 . 9580EMO 

3.703121*00 

098816 





65 

3 7 OOOE ♦ 12 

5. 5 388 9 E 04 

0 .99995 





66 

1 . OOOOE* 1 3 

1 .257876*00 

1 OOOOO 





67 

2 6268EU2 

8 . 499 34E * 02 

1 . 00000 





66 

1 .7601E* 10 

9 . 97184E-04 

0 . 9997 3 





69 

3. 5950E* 12 

6 . 45812E- 0] 

0 . 99822 





70 

1 . 34 1 3E * 1 3 

6 . 09 7 38 E 0] 

0 . 98962 





71 

5 OOOOE * 1 2 

1 . 3 3 3 4 7 E D 2 

1 . OOOOO 





72 

4 OOOOE * 1 3 

1 . 066 7 BE -1)1 

1 OOOOO 





73 

3 OOOOE * 1 1 

9 3 3 5071*03 

0.99965 





74 

3 OOOOE * 1 3 

1 . 6 3558C * 00 

1 . OOOOO 





75 

3 OOOOE U 5 

5 1 9 39 1 E * 00 

1 OOOOO 





76 

2 OOOOE i 1 3 

8 8 38181 01 

0 . 99999 





77 

2 8 8 8 9 E < 12 

5 1 1 36/E* 03 

0 . 999/8 





78 

7 13051*14 

3176761*00 

1 . OOOOO 





79 

1 8 49 2 E * 06 

3 7 9 2 7 0 E * 00 

0 99999 





80 

3 1U15E* 1 1 

3. 5 344 5E* 02 

0 94895 





81 

6 48361110 

? 1 08 59F * 02 

1 . oonuo 





82 

2 96161 l 11 

3 0) 0 341 *07 

0 84055 





83 

l 4726 L 1 1 2 

8. 1 59451*03 

0 99419 





84 

7 1708EH2 

6 . 569 32E* 02 

0 97431 





85 

5 8 7 99 El 1 3 

3. 32/481*02 

0 . 9/052 





86 

3 7189E» 1 3 

4.051261* 02 

0.99924 





87 

8 00001*12 

2 . 75559L*02 

0 99493 
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S8 

9 . 7622C * 1 3 

8.62659EIQ2 

1 00000 

89 

9 8329EU0 

9 . 02368E * 01 

0 97809 

90 

3.9998CH2 

-2 . 59592F » 00 

0 87229 

91 

1 .80U0EU2 

1 . 77591 E i 02 

0 . 99935 

92 

7 .soooem i 

1 .89910E02 

0 . 99997 

93 

2.Q307EM1 

2. 19813EI 02 

0 . 99581 

99 

7 7952EM2 

1 . 92799E i 03 

0 . 82808 

95 

1 96 30EM5 

-1 .60959E»02 

0 . 38 383 

96 

3 . 9 56 2E * 0 1 

-3. 79522E-01 

0.99178 

97 

9 . 1 76 5EM 5 

5. 09961 E' 02 

0.99877 

94 

1 . 0016E* 02 

-1 .93576E-02 

0 95216 

99 

7 1 175E 01 

-5.92713E-09 

0.78857 

100 

3.6090E<08 

1 . 92921 E-09 

1 . 000(10 

101 

1 2997EU3 

8 . 6 5669 E- 06 

0.8755B 

102 

1 .9798 E *11 

9.95868E- 07 

0 .7938 3 

103 

1 7962EU1 

-2 . 099B2E- 09 

0 . 97918 

109 

1 .2000EM 3 

1 .21 336E 0/ 

1 . ouono 

105 

9 .2329Et 13 

-6 . 12937E- 06 

0.81852 

106 

6 9658EM2 

-2. 1391 5E “09 

0 . 07937 

107 

8 . 0770FM 2 

1 . 75791E-02 

0.89171 

108 

2.3601PM 3 

1 . 33002E-03 

0 96796 

109 

3.7000E* 12 

-1 . 3 369 1 E - 0 3 

0 . 99981 

110 

2.0000EM5 

9 . 1 0278E D 5 

1 .0000 0 

1 1 1 

1 OOOOEi 15 

9 .276S5E 12 

0.999/8 

112 

2.0000U 13 

7 . 34) 36005 

0 . 99499 

113 

8 .438 IE M 1 

5.111 50009 

0 99992 

119 

2 . 0000EM2 

1.2)1 59E 08 

0.99998 

115 

1 . 1905EM3 

1 . 51 72211-03 

0.99890 

116 

2. 9070 F. M2 

6 .87200003 

0 95237 

117 

8 . 3826 EM 2 

3. 01776 £- 09 

0 . 98 A 1 0 

118 

7 .9225EM5 

-9 . 00037 E “04 

0 92479 

119 

2.2957EM9 

6 .65828E 03 

0 . 99991 

120 

8 . 6 958 E * 07 

-S.29896E- 05 

0 99929 

121 

3. 1028EKJ7 

-2 . 9996 7 E "0 5 

1 00000 

122 

2.8358E409 

8 . 28589009 

1 . 00000 

123 

9 .G000EM2 

2 .9830301 1 

1 00000 

129 

2 . 5566 E • 07 

-1 . 39290E 02 

0.97458 

125 

2.9991EM0 

-7 . 7121 2E-05 

087975 

126 

2 . 6 097 E* 1 0 

1 . 10076E 05 

1 .00000 

127 

8 . 6 89 7 E* 1 1 

2.827 32E-Q9 

0 .95165 

128 

4 . 48 7 5E * 09 

1 . 279 08 E" 05 

0.99787 

129 

9 2399EM5 

1 . 7736 5E-09 

0 . 0001 A 

130 

9 . 2627E* 15 

-1 . 25361E-05 

0.09902 

131 

5.0000EM2 

9.6H07E 08 

0 . 99095 

1 32 

6.9995EM5 

9.Q/929E 06 

0.18977 

133 

3 6000EM3 

2.8534 5E -06 

098985 


DERIVATIVES (CGS UNI IS). T 
MIXTURE MOLECULAR HEIGHT 


0 . UOOGQE *00 RHO -1.83068E-07 V 

28.06136 TOTAL ENERGY EXCHANGE RATE -1.95990E*09 

(CAL-CMx*3/G**2/SEC> 


0 . 00U0UU U 0 

MASS TRACI ION SUM l.UUUUUUUl 


COMPUTER TIME (CPU) REQUIRED. PUR THIS STEP 


3.999985E-01 S 


UP TO THIS TIME - 6.21999AE»UU S 


( L SENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 

TOTAL NO. OF STEPS - 137 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 18A 

TOTAL NO. OF JACOBIAN EVALUATIONS - 25 

TOTAL CPU TIME - 6.219999 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED * B. 700005 S 


( l SENS ) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued 
(j) Case 10 






LEWIS 

SENSITIVITY 

AND 

GENERAL KINET: 

ICS PROGRAM NASA 

LEWIS 

RESEARCH 

CENTER 



L SENS 

METHANOL 

- AIR 

COMBUSTION 



CASE 

10 



REACTION 




REACTION 



REACTION 

RATE 

VARIABLES 


NUMBER 








A 


N 

ACTIVATION 












ENERGY 

I 

M 

♦ 

1 *CH 3QH 

* 

UCH3 

4 

UOH 

3 . 2000064 18 


0 .0000 

80000 . 00 

2 

1 *02 

•f 

UCH30H 


UCH20H 

4 

1*H02 

9 . 000006 41 3 


0 . 0000 

50900.00 

5 

1 nan 

♦ 

1 *CH30H 

» 

UCH20H 

4 

UH20 

9 . 0000064 12 


0 . 0000 

2000 00 

9 

1 *0 

♦ 

UCH30H 

= 

UCH20H 

4 

UOH 

l .60000E4 12 


0 . 0000 

2300 00 

5 

1 *H 

* 

1 *CH 3(JH 


UCH20M 

4 

1*H2 

3 . 200 OOE * 1 3 


0 . 0000 

7000 . 00 

6 

1*H 

♦ 

UCH30H 

= 

1*CH3 

4 

1XH20 

5 000006412 


0 . 0000 

5300 , 00 

7 

1 *CM3 

♦ 

1KCH30H 

= 

UCH20H 

4 

UCH9 

2 . OOOOOE 4 1 1 


0.0000 

9800 . 00 

& 

1 * HO 2 

+ 

1 *CH 30H 

= 

UCH20H 

t 

1AH202 

6 . 30000641 2 


0 . 0000 

19900 , 00 

9 

M 

* 

1 *CH20H 

= 

1ACH20 

4 

1*H 

2 50000E 4 1 3 


0 . 0000 

29000 , 00 

10 

1*02 

*- 

UCH20H 

= 

1 ACH20 

4 

1AH02 

1 .000006+12 


0 . 0000 

6000 . 00 

1 1 

M 

f 

1 *CH9 

= 

1 *CH3 

4 

UH 

2 . 000GQE4] 7 


0 . 0000 

88000 00 

12 

1 AH 

♦ 

1 *CH9 

= 

UCH 3 

4 

1*H2 

1 . 26000E+ 1 9 


0.0000 

11900 00 

1 3 

1 *CH9 

♦ 

1*02 

= 

UCH3 

4 

1 *H02 

7.99U00E413 


0 . 0000 

56000 . 00 

1 A 

1 *0 

♦ 

1*CH9 

= 

1 *CH3 

4 

I *0H 

1 . 900U0E419 


0 . 0000 

11720.00 

15 

1 *0H 

4 

1 *CH9 

= 

UCH3 

4 

1*H2Q 

2. 500006413 


0 . 0000 

5010.00 

16 

1 *CH 3 

4 

1*02 

- 

UCH30 

4 

1 *0 

2. 900DUL41 3 


0 . 0000 

28680 00 

17 

1 *CH3 

♦ 

1 *0H 

= 

UCH30 

4 

UH 

6.30U00E412 


0 .0000 

0 .00 

ia 

M 

4 

1 *CH30 

= 

UCH20 

4 

1*H 

5. 00000E4 13 


0 . oooo 

21000 , 00 

19 



2*CH3 


UC2H6 



2.90000E419 


0.9000 

0 . 00 

20 

1 *h 

♦ 

1 *C2H6 

= 

UC2H5 

4 

1*H2 

1 . 32000E4 19 


0 . 0000 

9700 .00 

21 

1*0 

4 

1AC2H6 

= 

UC2H5 

4 

UOH 

1 . 1 3000E419 


0 . oooo 

7850 .00 

22 

1 *0H 

4 

1*C2H6 

- 

UC2H5 

4 

UH20 

8.70000E41S 


0 . oooo 

5520.00 

23 

M 

4 

1 *C2H5 

= 

UC2H9 

4 

UH 

1 .0 0 0 0 06 4 1 7 


0 . oooo 

31000 .00 

29 

UC2H5 

* 

1*02 

= 

UC2H9 

4 

UH02 

2 .0000064 1 2 


0 . oooo 

500 0 .00 

25 

1 *H 

+ 

1 *C2H5 

= 

UC2H9 

♦ 

1*H2 

9.80000641 3 


0 oooo 

0 .00 

26 

1*CH3 

4 

1*CH2 

- 

UC2H9 

4 

UH 

2 . OOODOE41 3 


0 . oooo 

0 .00 

27 

1 * H 

4 

1 *C2H9 

- 

1 AH2 

4 

UC2H3 

1 . 50000E4 19 


0 . oooo 

10200 00 

28 

M 

4 

1 *C2H9 

= 

1*C2H2 

4 

1*H2 

2 .60000E417 


0 . oooo 

79300 00 

29 

1 *C2N9 

♦ 

1 * UH 

- 

UC2H3 

4 

1*H20 

9 80000E412 


0 . oooo 

1230 . 00 

30 

1 *C2M9 

4 

1 * OH 

= 

UCH5 

4 

UCH20 

2 .OOOOOE* 12 


0 . oooo 

960.00 

3t 

1 *C2H9 

4 

1*0 

- 

1*CH3 

4 

1 *HCO 

3 . 3000QE4 1 2 


0 oooo 

113000 

32 

l *C2H9 

+ 

1*0 

- 

UCH20 

4 

1 *CM2 

2 . 50000 E » 1 3 


0 . oooo 

5000 . 00 

33 

M 

4 

1*C2H3 

= 

UC2H2 

* 

1 *H 

3 . 0000 OE 4 1 5 


0 . oooo 

52000.00 

39 

1 *C2H3 

* 

1*02 

s 

UCH20 

♦ 

UHCO 

3 . 98 000 E ♦ 12 


0 . OGUO 

-250 . DO 

35 

l *C2H3 

4 

1*H 

= 

UC2H2 

4 

1*H2 

6 , 0000064 12 


0.0000 

0 , 00 

36 

l *C2H3 

4 

1*0 

= 

1 AC2II20 

4 

1*H 

3 , 30000E 4 1 3 


0 . ouuo 

0 . 00 

37 

1 *C2H3 

4 

1 *OH 

- 

UC2H2 

4 

1 *H20 

5 . 000006412 


0.0000 

0.00 

38 

1 *C2H 3 

4 

1 *CM2 

- 

UC2H2 

4 

UCH3 

3 . 0000064 I 5 


0.0000 

0 .00 

39 

1XC2H3 

1 

1AC2H 

* 

2*C2H2 



3 . 00000641 3 


0.0000 

0 . 00 

90 

M 

4 

1*C2H2 

= 

1 *C2H 

4 

1 *H 

9 . 2000064 1 6 


0 oooo 

107000 . 00 

91 

1 *C2M2 

4 

1*0 

- 

1 *CH2 

4 

UCO 

1 .600006 4 19 


0.0000 

989000 

92 

1*C2H2 

4 

1*0 

= 

1 *C2H0 

4 

UH 

9,000006419 


0 0000 

1 066 0 . 00 

93 

1 *C2II2 

4 

1 *0H 

- 

1 *C2H 

4 

UH2D 

6 . 30000E4 12 


0 0 0 0 0 

7000 . 00 

99 

1*C2H2 

4 

1 * 0 H 

- 

1 *C2H20 

* 

UK 

3.20000641 l 


ooooo 

200 . 00 

95 

l *C2H 

4 

1*02 


1 *CZHO 

4 

1*0 

5 000006*13 


0 0000 

1 500 00 

96 

1 *C2h 

4 

1 * OH 

= 

UC2H0 

4 

1*H 

2. 0000064 1 3 


a.oooo 

0 . 00 

97 

UC2H0 

4 

1 *02 

- 

2*C0 

4 

UOH 

1 .960006) 12 


u oooo 

2500 . 00 

9 8 

l AC2H0 

4 

1*0 


2*C0 

4 

1*H 

1 .2020064 12 


0 oooo 

0 .00 

99 

1 *C2II0 

t 

1 *0H 

- 

2*HC0 



1 .000006 4 ] 3 


0 oouo 

0 UO 

50 

1 *C2II0 

4 

1 *H 

- 

1 *CH2 

4 

1*C0 

5 . 000006 4 J 5 


0 . oooo 

U . 00 

51 

1 * C 2 H 0 

4 

1 *CH2 

- 

UC2H3 

4 

UCO 

3 . 0 0 0 0 U 6 4 1 3 


0 .0000 

0 00 

52 

1 *C2H0 

4 

1 *CH2 

= 

UCH20 

4 

1 *C2H 

1 . 000006 4 1 3 


0 . 00UI) 

2000 . 00 

53 



2*C2HO 


1 *C2H2 

4 

2*C0 

1 . 000006 4 1 5 


0.0000 

Q UO 

59 

1 *C2H20 

4 

1 *OH 

- 

UCII20 

4 

UHCO 

2.8000064 1 3 


n . oooo 

0 00 

55 

1 *C2H20 

4 

1 *OH 

- 

UC2H0 

4 

UH20 

7 . 500006* 12 


ooooo 

3000 00 

56 

1 *C2H20 

4 

1 *11 

= 

UCHi 

t 

1 »C0 

1 1 30006 l 1 3 


0 0 0 11 IJ 

5928 (10 

57 

1 *(21120 

4 

1*H 

- 

UC2H0 

4 

1 *H2 

7 . 500006*1 3 


0 . 0 0 0 II 

8000 00 

58 

1 *C2M20 

4 

1 *0 

- 

UC2H0 

4 

UOH 

5 . 000006 i 1 3 


0 . oouo 

8000 00 

59 

1 *C2H20 

♦ 

1 *0 

s 

UCH20 

4 

1 *C0 

2 . 000006 * 1 3 


0.0000 

QUO 

60 

M 

4 

1 *C2H2Q 

= 

1*CN2 

4 

UCO 

2 . 0000064 16 


0.0000 

60000 00 

61 

1 *C2H 

4 

UO 

£ 

UCO 

4 

UCH 

5.00000641 3 


0 . oouo 

0 00 

62 

1 *CH 30 

4 

1*02 

- 

] *CH20 

4 

UH02 

1 . 000006 4 1 3 


0 oooo 

71 70 , 00 

63 

1 *CH 30 

4 

1 *H 


1 *CM 2 0 

4 

UH2 

2.000006*1 3 


0.0000 

0 00 

69 

M 

4 

1 *CH20 

= 

1 * HC a 

4 

1*H 

5 . 000006 4 1 6 


0.0000 

81000 00 

65 

1 * (.'ll 20 

4 

UOH 


UHCO 

4 

l *H20 

3 . OOOOtJEH 3 


0 , oooo 

1200 GO 

66 

1 *CH20 

4 

1 *11 

- 

UNCO 

♦ 

1 *112 

2.500006 4 | 5 


0 . oooo 

39 9 0. GO 

67 

1 *( H20 

4 

uo 

- 

1 *MCO 

4 

UOH 

3 . 5000064 [ 5 


0 . oooo 

3510.00 

68 

1 *CII 3 

4 

1*CH20 

= 

1 *CM9 

4 

1 *HCO 

1 .000006 > 1 Q 


D . 5000 

6000 . 00 

69 

3 *CH 3 

4 

UHCO 

s 

1 *CH9 

4 

UCO 

3. OOOOOE* 1 1 


0 5000 

0 . 00 

70 

1 *CH3 

4 

UH02 

= 

1 *CH 30 

+ 

UOH 

2.000006*13 


0 oooo 

0 .00 

71 

M 

4 

UCH 3 

= 

1 *CH2 

4 

1 *M 

1 , 95000E* 16 


0 oooo 

9 16 0 0 .00 

72 

1*H 

4 

1 »CH3 

S 

1 *H2 

4 

1 *CH2 

2.700006*1 1 


0 6 7 00 

25700 . 00 

73 

1*0 

4 

1*CH3 

= 

UOH 

4 

UCH2 

1 .90000E*11 


0.6800 

25700 00 

79 

1 *0H 

4 

1*CH3 

- 

1 *H20 

4 

1*CH2 

2 . 7 00QQE * ) 1 


0 6 700 

25700 UO 

75 

UCH 

4 

1 NC02 

= 

1 * HCO 

4 

1*CD 

3. 70000E* 12 


0 oooo 

0 . 00 

76 

UCH 

4 

1*02 

= 

1 *HCO 

4 

UO 

1 000006 i 1 3 


o . oooo 

0 . UO 

77 

1 *012 

4 

1*02 


1 *CM20 

4 

UO 

5 000006 i 1 1 


0 . 5000 

6960.00 

78 

1 *CH2 

4 

1*0 

= 

UCH 

4 

UOH 

2 . OOOOOEi 1 1 


0 7 000 

25800 . 00 

79 

1 *CH2 

4 

UOH 


1 *CH 

4 

UHZO 

5 . OOOOOE* 1 1 


0 5000 

59oa.ua 

80 

1*CH2 

4 

UH 

= 

1 *CH 

4 

1*H2 

3 . 2 0 0 0 0 E * 1 1 


0 7 0 00 

9970 on 

81 



2*CH2 

£ 

UC2H3 

4 

1«H 

5 . OOOOOE 4 1 2 


0 oooo 

0 . 00 

82 



2 *CH2 

- 

UC2H2 

4 

1 *H2 

9 0 0 0 0 IJ 6 < 1 3 


0 oooo 

0.00 

83 

1 * HCO 

4 

1*02 


1 *C0 

4 

1 *H02 

3 .000006*1 3 


0 . oooo 

0 . 00 

89 

1 *HCO 

4 

UO 

= 

1 »C0 

4 

1 * OH 

3.G0n00E*13 


0 oooo 

0.00 

85 

1 *HCO 

4 

UOH 

= 

1 *C0 

4 

1 *H2Q 

3 00(1006* 1 3 


0 oooo 

0 . 00 

86 

1 * HCO 

4 

UH 

= 

UCO 

4 

UH2 

2.000006* 1 3 


0 oooo 

0.00 

87 

M 

4 

UHCO 

= 

UH 

4 

UCO 

2.900006*19 


0 oooo 

15570 no 

88 

l *co 

4 

1*0 

= 

UC02 

4 

M 

2 . 90UOIIF* 1 5 


o oooo 

9100 00 

89 

1 *to 

4 

1*02 


UC02 

t 

UO 

2.500006*12 


0 oouu 

9/690 OU 

90 

1 «co 

4 

UOH 

= 

1*C02 

4 

UH 

9 . 1/0006*1 1 


0 oooo 

1 000 00 

91 

1 *co 

4 

1 *1102 

- 

1 *C02 

4 

1 XUH 

5 .750006*1 3 


ooooo 

22930 . 00 

92 

1*0 

4 

1*H20 

= 

2* OH 



6 .800006 * 1 3 


0 oouo 

18365. 00 

93 

1 * H 

4 

1*02 

= 

UOH 

4 

UO 

1 .890006 * 1 9 


u oooo 

16900 00 

99 

1 *0 

4 

1*H2 

- 

UOH 

4 

1*H 

9.200006*19 


o . no no 

1 3/ 50 . 00 

95 

1 *11 

4 

UH02 


UH2 

4 

1 *02 

7 2800OE* 1 3 


o no no 

2126 . 00 

96 

1 *1) 

4 

UH02 


UOH 

4 

1*02 

5 .000006 * 1 3 


o oonn 

) 000 00 

9 7 

1 * HU 2 

4 

1 * OH 

= 

UH20 

4 

1*02 

8 000006* 12 


0 . 0011 11 

0 00 

98 

1*1! 

4 

UH02 

- 

2»0H 



1 . 3 9 U 0 0 6 * 1 9 


0 . oooo 

10/0 no 

99 

un:* 

4 

UH02 


1 *11202 

t 

1*H 

7.910006*13 


0 . 00(10 

25000 00 

10 0 

1 NON 

4 

1 *11202 

= 

1 *H20 

4 

1 *H02 

6 1 OOOOL* 12 


0 . 0(100 

1930 . 00 

1 01 



?*HU2 

- 

1 *H202 

4 

U02 

1 .800006 * 1 2 


n oouo 

0 UO 

102 

1 * H 

4 

UH202 

= 

UOH 

4 

1 *H20 

7 .8 00006 * 1 1 


0 oouo 

0 00 

1 0 3 

M 

4 

UH202 


2* OH 



1 .9900 OE* 17 


0 . OOUIl 

95510 00 

1 09 

1 »H2 

4 

1 * OH 

* 

1 nH20 

4 

1 *H 

9 . 7 9 0006* 1 S 


0 oooo 

6098 00 


60 



TABLE D.2. — Continued, 
(j) Continued. 


105 

1*H 

+ 

1*02 

- 

1 *1102 

4 

M 

1 .460001:4] 5 

0.0000 

-1000. 00 

1 06 

11 

+ 

1*H20 

- 

UK 

♦ 

UOH 

) . 3 0 U 0 0 1 t 1 5 

0 l)U (HI 

1 05140 00 

107 

1 *11 

+ 

1*0 

= 

1 *t)H 

4 

M 

7 . IDOOUt * 18 

-1 . uonu 

0 . 00 

1 OS 

M 

+ 

1*H2 

S 

2*H 



2 . 2 0 U 0 0 E * 14 

o . nouo 

96000 . 00 

1 09 

M 

+ 

1*02 

- 

2*0 



1 .800UUE+18 

1.0000 

118020 . 00 

1 10 

1 *CH 

+ 

i*n 2 

= 

UHCH 

4 

1 *N 

1 . OOOOOE4 1 1 

0.0000 

19000 . 00 

111 

men 

¥ 

1 *112 

= 

UNCI1 

4 

1 *H 

6 . OOOUOE413 

0 . 0000 

5500.00 

112 

1*0 

+ 

1*1101 

- 

UOH 

4 

UCN 

1 , 4 1) 0 0 0 E ♦ 1 1 

0.6800 

16900 .00 

1 1 J 

1 XQH 

+ 

1 * MCN 

= 

UHNCO 

4 

UH 

4 .OOOOOC+1 1 

0 . 0000 

2800 .00 

114 

1 *CM 

+ 

1*0 

= 

UCO 

4 

UN 

] . 2 0 0 0 0 E < 1 3 

0 . 0000 

0 .00 

115 

1 *CN 

+ 

1 * OH 

- 

UNCO 

4 

1*N 

2 . 50000EU4 

0 . 0000 

60D0 . 00 

116 

1 *112 

* 

1*I1C0 

= 

UNNCG 

4 

1*H 

1 . OUOOOE414 

0 . 0000 

9000 . DO 

117 

1 *HNCO 

+ 

1 * H 

- 

UNN2 

4 

UCO 

1 . 0 0 0 0 OE 4 ] 4 

0 . 0000 

8500 .00 

118 

1*CN 

+ 

1*02 

= 

UNCO 

4 

UO 

3. 20000E413 

0 . 0000 

1000.00 

1 19 

1 *CM 

+ 

l*C02 

= 

UNCO 

4 

1 *co 

3.70000E412 

0.0000 

0 . 00 

120 

1 *0 

+ 

1*IIC0 

3 

UNO 

4 

1 *co 

2. 0G000E + 1 5 

0.0000 

0 . 00 

121 

1 * N 

+ 

UI1C0 

3 

1 *112 

4 

UCO 

1 . OOOOOE+1 3 

0.0000 

0 00 

122 

1 * H 

♦ 

UNCO 

3 

utm 

4 

UCO 

2. OOOOOE* 1 3 

0.0000 

0 . 00 

123 

1 *CH 

+ 

1*110 

- 

UN 

4 

1 *HC0 

1 . 60000E H 5 

0 . 0000 

9940 . 00 

1 24 

1 *CH 

+ 

UNO 

3 

UO 

4 

l *ncn 

2 . 0000 OE • 12 

0 . 0000 

0 . 00 

125 

1 M NH 

¥ 

1 * OH 

= 

UN 

4 

1 *H20 

5 OOOOOE+11 

0 . 5000 

2000 . 00 

126 

1 *MU2 

f 

UNO 

3 

1 *1102 

4 

1 * OH 

2 . 0 9 0 0 0 E 4 ) 2 

0 . 0000 

-477.00 

127 

1 *0 

+ 

UN02 

3 

UNO 

4 

1*02 

1 . 00000E41 3 

0 0000 

596 . 00 

1 28 

i *no 

♦ 

1*0 

3 

1 *1102 

4 

H 

5 . 6 2000E 4 1 5 

0 . 0000 

-1160.00 

129 

1 *M02 

+ 

1 *H 

3 

UNO 

4 

1 * OH 

3.47 OOOE* 1 4 

0 . 0000 

1470 00 

130 

1 *110 

4 

1 *M 

3 

UN 

4 

1 *0H 

2.63000E414 

0 . 0000 

50410 . 00 

131 

1*110 

4 

1 *0 

3 

UN 

4 

1*02 

3.80000E409 

1 . 0000 

41370 . 00 

132 

1 *0 

4 

1 *112 

3 

UNO 

4 

UN 

1 .80000E414 

0 . 0000 

76250 . 00 

133 

1*M 

4 

U 1102 

3 

2 * no 



4 . 0 0 0 OOE 4 1 2 

0.0000 

0 . 00 

134 

M 

4 

UN20 

3 

1*N2 

4 

1 *0 

6 . 92000E4 23 

-2 . 5000 

65000 . no 

1 35 

1 *0 

4 

1*1120 

3 

1 *112 

4 

1 *02 

1 . 00 OOOE* 14 

0.0000 

2802(1 . 00 

1 36 

1 *0 

4 

1*1120 

3 

2*110 



6.9200IJE *13 

0 . 1)000 

26630 . 00 

137 

1*1120 

+ 

Ull 

3 

1 *112 

4 

1 * OH 

7 . 59 OOOE 4 1 3 

0 . 0000 

15100 . no 

138 

1*1102 

4 

1*112 

3 

1 *NN02 

4 

1*H 

2 .400Q0E413 

0 . 0000 

29000 . 00 

1 39 

1 * OH 

4 

1*1102 

3 

UMNO 3 

4 

11 

3. OOOOOE41 5 

0 . 0000 

-3800 00 

140 

1 *0H 

4 

1*110 

5 

UHN02 

4 

M 

5 . 60000E 4 ] 5 

0 . 0000 

-1700.00 

141 

1 *HNO 

4 

1*H 

3 

1 *H2 

4 

UNO 

5 . OOOOOEH 2 

0 . oouo 

0.00 

142 

1 *H 

4 

UNO 

3 

i*mio 

4 

M 

5.40000EH5 

0.0000 

600.00 

143 

1 *11110 

4 

1*0H 

= 

UH20 

4 

UNO 

3.6Q000E+13 

0 .0000 

0.00 





ALL 

THIRD BODY 

RATIOS ARE ! 

l .0 EXCEPT 

THE FOLLOWING 




M(H2 

,103) = 

2.30000 

M( 02 

,103) * 

0 . 78000 

MCH20 

,103) = 6.00000 

MO1202 

.103) 

= 6.60000 

M( 02 

,105) = 

1 . 30000 

M( 112 

,105) = 

1 . 30000 

110120 

,105) = 21 . 30000 

M( C02 

.10 5) 

= 700000 

M(H2 

,106) = 

4 . 00000 

11(02 

, 106 ) = 

1 . 50000 

MCH20 

.106) = 20.00000 

11(112 

,106) 

s 1.50000 

M1C02 

,106) - 

4 . 00000 

M(H2 

,108) « 

4 . 1 0000 

M< 02 

,108) = 2.00000 

IKH20 

,108) 

- 15.00000 

MC 112 

,108) = 

2.00000 

M ( 02 

,139) * 

0.70000 

HCH2 

,139) = 1.40000 









*X INITIAL 

CONDITIONS 

* * 







TIME 0 . 00000E+ 00 SEC 

AREA 0. OOOOOE+OO SQ 

CM 

AXIAL 

POSITION 0 

. OOOOOE+OO 

CM 


FLOW PROPERTIES 





INTEGRATION 

1 Ml) 1 C AT OKS 





PRESSURE 


1 .00000 



STEPS FROM LAS! 

PRINT 


0 



(ATM) 

VELOCITY 


0 .00 



AVERAGE STEP SIZE 

0. 

OOOOOE* 00 


(CM/ SEC) 












DENSITY 



2.77826E-04 



METHOD ORDER 



0 



( G/CM* < 3 ) 












TEMPERATURE 


1 300.00 










(DEG K 

) 












MASS FLOW RATE 


0 . OOOOOE+OO 



TOTAL NUMBER UF 

STEPS 


0 



(G/SCC) 












ENTROPY 



2.1788 



FUNCT EVALUATIONS 


0 



(CAL/G/DEG K ) 












MACH HUMBER 


0 . 0000 



JACOBIAN 

EVALUATIONS 


0 



GAMMA 



1 .2066 










ENTHALPY 


•1 .90008E + 01 










(CAL/G) 












SP. HEAT (CP) 


3.91666E-01 










(CAL/G/DEG K) 















CHEMICAL 

PROPERTIES 







SPECIES 

COHCEN1 RAT ION MOLE FKACT 

ION NET SPECIES PRODUCTION 

REACTION RAIL CONST 

NET REACTION CONV 

KAIE NET 

RAIE/HUS1 - 


( MOL ES/CM** 3 ) 



RATE (M0LE/CM**3/SEC) 

NUMBER 

CGS UNITS 

(MOLE 

-CM** 3/G* * 2/ SEC I 

T1VE 

DIR RATE 

CH3DH 

2 . 0468 5E-06 

2. 18343E- 

01 

-2.531 07E-06 


1 

1 .1 375E+0S 


2.82759E* 01 



1.00000 

CHS 

0 . 000006*00 

0 . 0 0 0 0 0 E * 

00 

2 . 18255E-06 


2 

1 . 1 092E + 05 


4.51524E+00 



1 .00000 

ON 

0 . 00000E 4 00 

O.OOOOOE+ 

00 

2 . 18255E-06 


3 

1 8443E+12 


0 . OOOOOE* 00 



0 . OOOUO 

02 

1 . 55514E-06 

1 .63757E- 

01 

-1 .76052E-03 


4 

6 . 5683E + 1 1 


0. OOOOOE* 00 



0 . 00000 

CH20H 

0 . OOOOOE+OO 

0 . 00000E+ 

00 

3.48520E-07 


5 

2 . 1298E+12 


0. 00000E+ 00 



0 . 00000 

1102 

0 . 0000 OE 4 00 

0 . 00000E+ 

00 

3.48520E-07 


6 

6 4263E+1L 


0. 000006 + 00 



0 00000 

H20 

0.00000E400 

0 . 00000E + 

00 

0 . OOOOOE+OO 


7 

4 . 50 30E 4 09 


0 .OOOOOE+OO 



0 . 00000 

0 

0 . 00000E 4 00 

0 . 00000E + 

00 

1 . 75997E-03 


8 

3.4507E+09 


0. OOOOOE + OO 



0 00000 

H 

0 . 00Q00E4 00 

0. 00000E+ 

00 

0 . OOOOOE + OO 


9 

3. 3312E+08 


0. OOOOOE + OO 



0 . 00000 

H2 

0 . 00000E+00 

0 . 00000E + 

00 

0. OOOOOE+OO 


10 

9 .8019E+10 


0 . OOOOOE + OO 



0 . ooooo 

CH4 

0. OOOOOE + OO 

0 . OOOOOE + 

00 

0 . OOOOOE + OO 


11 

3.21296*02 


0. OOOOOE + OO 



0 . 0(1000 

H202 

0 . D0000E4 00 

0 . 00000E + 

00 

0 . OOOOOE+OO 


12 

1 .2583E+ 12 


0. OOOOOE + OO 



0 . OOOOO 

CH20 

0 . OOOO0E4OD 

0 . 00000E + 

00 

0 . OOOOOE + OO 


13 

3.0575E+04 


0 . OOOOOE + OO 



0 . ooooo 

CH3Q 

0 OOOOOE+OO 

0 . OOOOOE + 

00 

0 . OOOOOE+OO 


14 

2.0344E+12 


0. OOOOOE+OO 



0 . ooooo 

C2H6 

0. OOOOOE+ 00 

0 OOODOE+ 

00 

0 OOOOOE+OO 


15 

3.5949E+12 


0 . 000006+ 00 



0 ooooo 

C2NS 

0. OOOOOE+OO 

0 . 00000E + 

00 

0 . OOOOOE+OO 


16 

3.61976*08 


0. OOOOOE + OO 



0 ooooo 

C2H4 

0. OOOOOE+OO 

0 .OOOOOE* 

00 

0 . OOOOOE+OO 


17 

6 . 30 0 0 E * 1 2 


0 . OOOOOE+OO 



0 ooooo 

CH2 

0 . OOOOOE + OO 

0 OOOOOE* 

00 

0 . OOOOOE+OO 


18 

1 . 4742E+10 


0 .OOOOOE* 00 



0 . ooooo 

C2H3 

0 .OOOOOE + OO 

0 . OOOOOE + 

00 

0 . OOOOOE + OO 


19 

1 . 36 34 E + 1 3 


0 .000006*00 



0 OOOOO 

C2I12 

0 .00000E + 00 

0 . OOOOOE* 

00 

0 . OOOOOE+OO 


20 

3. 0893EU2 


0 . OOOOOE + 00 



0 ooooo 

HCU 

0 .OOOOOE+OO 

0 . OOOOOE + 

00 

1 . 43987E~03 


21 

5 . 4122E+ 1 2 


0.000006*00 



0 . OOOUO 

C2H20 

0. OOOOOE+OO 

0 . OOOOOE* 

00 

0 . 00000E+ 00 


22 

2.2272E+1 3 


0 .000006*00 



0.00000 

C2H 

0. OOOOOE + OO 

0 . OOOOOE 1 

00 

0 . OOOOOE+OO 


23 

6 . 1 437EH 1 


0 . OOOOOE* 00 



0 . OOOOO 

CO 

0 . OOOOOE+OO 

0. OOOOOE* 

00 

8 . 38746E-07 


24 

2 . 887 OE H 1 


0. OOOOOE+OO 



0 . OOOUO 

C2HO 

0 . OOOOOE+OO 

0 . OOOOOE* 

00 

0 .OOOOOE+OO 


25 

4 .80006+13 


0 . OOOOOE+OO 



o ooooo 
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TABLE D.2. — Continued, 

(j) Continued. 


CM 

9.37666E-U 

1 . OOQOOE-05 

-1 .63990E-0S 

26 

2. 0000t+13 

0 . OOOOOE + OO 

U . 00000 

C 02 

2. 19831E09 

2 . 36500E-06 

-8 . 38766E-07 

27 

2.8928E+1 2 

0 . OOOOOE + OO 

0 .00000 

M2 

5 . 72199E-06 

6 . 10380E-Q1 

- 3 . 4 3008E-08 

28 

1 . 21 18E + 06 

0 . OOOOOE* 00 

0 . 0 0 0 0 0 

HCN 

0 . OOOOOE+OO 

0. OOOOOE+OO 

3 . 63008E- 08 

29 

2.9817EU2 

0 .OOOOOE + OO 

0 . ooouo 

N 

9. J7666E-12 

1 . OOOOQE-06 

-8 . 12589E-06 

30 

1 . 3792E+12 

0 .OOOOOE + OO 

Q . 00 000 

CN 

9. 37666E-12 

1 . OOOOOE06 

-3 . 12776E-06 

31 

2.1 308 E + 12 

0 . OOOOOE* 00 

0 . 00000 

HNCO 

0. 0QQ0QE+Q0 

0. OOOOOE+OO 

0 . OOOOOE+OO 

32 

3 . 6 088 E + 12 

0 . OOODOE+ 00 

0 . 00000 

MCO 

0. 000006+00 

0. OOOOOE+OO 

3. 12776E-06 

33 

1 2515E+10 

0 . OOOOOE+OO 

0.00000 

NM2 

0 . OOOOOE+OO 

0. OOOOOE + OO 

0. OOOOOE+OO 

36 

6 . 3866E+12 

0 . OOOOOE + OO 

0.0 0 0 00 

NO 

0. OOOOOE+OO 

0. OOOOOE + OO 

8 . 16019E-06 

35 

6 . OOOOE + 1 2 

0 . OOOOOE* 00 

0.00000 

NH 

0 . OOOOOE+OO 

0. OOOOOE + OO 

0 . OOOOOE+OO 

36 

3. 3000E+] 3 

0 . OOOOOE* 00 

0.00000 

N02 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 .OOOOOE+OO 

37 

5 . 0000E+ 1 2 

0 . OOOOOE+OO 

0.0 0 0 0 0 

U20 

0. OOOOOE+OO 

0. OOOOOE+OO 

2 . 202 36 E- 1 6 

38 

3 . OOOOE + 13 

0 . ODOOOE + OO 

0.00000 

HN02 

0. OOOOOE+OO 

0. OOOOOE+OO 

0. OOOOOE+OO 

39 

3. OOOOE + 13 

0 . OOOOOE+OO 

Q . 0 0 0 0 0 

HHOJ 

0. OOOOOE + OO 

0 . OOOOOE + OO 

0 . OOOOOE + 00 

60 

6.3166E-02 

0 . OOOOOE* 00 

0.00000 

HNO 

0 . OOOOOE + OO 

0. OOOOOE + OO 

0. OOOOOE+OO 

61 

3 . 6790E+ 1 2 

0 . OOOOOE+OO 

0.0 0 0 00 

AR 

6 .82936E-08 

7 . 28507E-03 

0. OOOOOE+OO 

62 

6 6558E+12 

0 . OOOOOE + OO 

0 . ooouo 





63 

6 . 1931E+11 

0 . OOOOOE + OO 

0 .0 0000 





66 

2.9616E+11 

0 . OOOOOE + OO 

0.00000 





65 

2.7977E+13 

0 . OOOOOE * 00 

0.00000 





66 

2 . OOOOE + 1 3 

0 . OOOOOE + OO 

0 .0 0000 





67 

5. 5671E + 11 

0 . OOOOOE+OO 

0 . ODOOO 





68 

1 .2020E + 12 

0 . OOOOOE + OO 

0 . 00000 





69 

1 .0Q0QE+13 

0 , 000 0 OE l 00 

0 00000 





50 

5.0000E+13 

0 . OOOOOE+OO 

0 , 00000 





51 

3.0000E+13 

0 . OOOOOE + OO 

D . 00000 





52 

6.6107E+12 

0 . OOOOOE+OO 

0 00000 





53 

1 . OOOUE + ] 3 

0 . OOOOOE + 00 

0 . 00000 





56 

2 . 8000b + 1 3 

0 . OOOOOE + 00 

0 00000 





55 

2. 3681 E + l 2 

0 . OOOOOE « 00 

0 00000 





56 

2. 9976E+ 12 

0 . OOOOOE < 00 

0 00000 





57 

3. 3895E+ 12 

0 . OOOOOE+OO 

0 00000 





58 

2 . 2597 E * 1 2 

0 , OOOOOE i 00 

0 . 00000 





59 

2 . OOOOE* 3 3 

0 OOOOOE+OO 

0 . 00000 





60 

1 .6373C + 06 

0 . OOOOOE i 00 

0 00000 





61 

5. OOOOE + l 3 

000000 E +00 

0 00000 





62 

6 . 2318E+ 1 1 

0 . OOOOOE i 00 

0 00000 





63 

2 . OOOOE* 1 3 

0. OOOOOE + 00 

0 00000 





66 

1 .2068E + 03 

0 . OOOOOE+OO 

0 . 00000 





65 

1 .8853E+1 3 

0 OOOOOE* 00 

0 . ooooo 





66 

5. 3353E+12 

0 . OOOOOE + 00 

0 ooooo 





67 

8 .9966E+ 12 

0 . OOOOOE + 00 

0 ooooo 





68 

3. 5361 E+1 0 

0 . OOOOOE+ 00 

0 . ooooo 





69 

1 .0817E+ 1 3 

0 . OOOOOE + 00 

0 . ooouo 





70 

2 . OOOOE* 1 3 

0.000001*00 

0 ooouo 





71 

7 . 7 7 66 E * 00 

0 . UUUOOLt 00 

u oouuu 





72 

1 . 5765E + 09 

0 . OOOUOE+ 00 

0 . uoouo 





73 

1 . 1903L + Q9 

0 . OOOOOE* 00 

o ooooo 





76 

1 . 576 5E +09 

0 OOOOOE +00 

0 ooooo 





75 

3, 7000E + 12 

9 .8786 9E +00 

1 ooooo 





76 

1 . OOOOE* IS 

1 86663E* 06 

1 ooooo 





77 

1 . 2 1 86 E * 1 2 

o . ocooor i 00 

0 ooooo 





78 

1 . 39 1 3E * 09 

0 . OOOOOE* 00 

0 . ooooo 





79 

1 8 368 E + 1 2 

0 . OOOOOE + OO 

0 .00000 





80 

7 . 0693E + 12 

0 LI U D U 0 L * 0 0 

0 . ooouo 





81 

5. OOOOE + 12 

0 . OOOOOE + OO 

0 .00000 





82 

6 . OOOOE* 1 3 

U. OOOOOE + 00 

0 . 0 0 0 U 0 





83 

3. 000QE*1 3 

0. OOOOOE + OO 

0 .00000 





86 

3. OOOOE*! 3 

0 . OOOOOE+OO 

0 .ooooo 





85 

3. OOOOE+l 3 

0 . OOOOOE* 00 

0 .00000 





86 

2. 0000E+13 

0 . OOOOOE + OO 

0 ooooo 





87 

6 9959E+1 1 

0 . OOOOOE+OO 

0 . ooooo 





88 

6 . 9086E+ 1 6 

-3.26201E-11 

1 ooooo 





89 

2.6017E+06 

0 . OOOOOE+OO 

0 ooooo 





90 

2.8315E+11 

0 . OOOOOE + 00 

0 , ooooo 





91 

8 . 0 3 1 3E * 0 9 

0 . OOOOOE + 00 

o ooooo 





92 

5. 5600E+10 

0 , OOOOOE+OO 

0 . ooooo 





93 

3. 3065E+11 

0 . OOOOOE* 00 

0 ooooo 





96 

2.0696E+12 

0 . OOOOOE+OO 

0 . ooooo 





95 

3. 1968E+1 3 

0 . OOOOOE+OO 

0 ooooo 





96 

3. 3951E+13 

0 . OOOOOE* GO 

0 ooooo 





97 

8 . OOOOE+12 

0 . OOOOOE+OO 

0 . ooooo 





98 

8 . 8557 E + l 3 

0 . OOOOOE+OO 

0 . ooooo 





99 

6 . 9579E+09 

0 . OOOOOE l 00 

0 ooooo 





100 

3. 506 9 E * 12 

0 . OOOOOE+OO 

0 . ooooo 





101 

l .8000E+12 

0 . OOOOOE+OO 

0 . ooooo 





102 

7.8000E+11 

0 . OOOOOE+OO 

0 . ooooo 





103 

3. 2169E + 09 

0 . OOOOOE+OO 

0 . ooooo 





106 

6 .6731E+ 12 

0 . OOOOOE > OU 

0 , ooooo 





105 

2. 1501E+15 

0 . 0 OOOOE < OU 

0 . ooooo 





106 

2.7635E-03 

0 . OOOOOE+OO 

0 ooooo 





107 

5 . 66 1 5 E + 1 5 

0 . OOOOOE+OO 

0 ooooo 





108 

1 . 5972E-02 

0. OOOOOE +00 

o . ooono 





109 

1 . 99 7 OE - 0 5 

3 . 7232UC09 

] .ooouo 





no 

6 . 3966 E * 07 

6 .66383E 01 

1 . ooooo 





in 

7 . 71 15E+ 12 

0 .OOOOOE * 00 

0 ooooo 





112 

2.6652E+10 

0. OOOOOE+OO 

0 . ooooo 





113 

1 .3531011 

0 . OOOOOE + 00 

0 . ooooo 





116 

1 .20Q0E+1 3 

0 . OUOOOE* 00 

0 . ooooo 





115 

2.6505E+13 

D . OOOOOE+OO 

0 ooooo 





116 

3.0688E+12 

0 . OOOOOE+OO 

0 ooooo 





117 

3.7261E+12 

0 . OOOOOE+OO 

0 . ooooo 





118 

2. 1729E+13 

6,05117E*G3 

1 . ooooo 





119 

3. 7000E+12 

9. 87869 E -01 

] . ooooo 





120 

2.0000E+13 

0 . OOOOOE+OO 

0 . ooooo 





121 

1 . OOOOE + 1 3 

o . ooDonc* oo 

0 . ooooo 





122 

2. OOOOE+13 

0 . OOOOOE+OO 

Q .00000 





123 

3.6126E+11 

0 . OOOOOE+OO 

0.00000 





126 

2. OOOOE+12 

0 . OOOOOE+ 00 

0.00000 





125 

8 . 3121E+12 

0 .OOOOOE+OO 

0 . ooooo 





126 

2. 5138E+12 

0 . OOOOOE+OO 

0 . ooooo 





127 

7 . 9 397 E+l 2 

0 . OOOOOE+OO 

0 . ooooo 





128 

8 .80566+15 

0 . OOOOOE+OO 

0 . ooooo 





129 

1 . 966 3E+ 1 6 

0 . OOOOOE+OO 

0 . ooooo 





130 

8 .8159E + 05 

0 . OOOOOE+OO 

0 . ooooo 





131 

5.6802E+05 

-1 . 057 19E+02 

1.00000 





132 

2.7320E+01 

0 . OOOOOE+OO 

0.00000 





133 

6 .OOOOE+12 

0 . OOOOOE+OO 

0 . ooooo 





136 

1 . 3620 E + 05 

0 . OOOOOE+OO 

0 .00000 





135 

l .9672E+09 

“2.8 5326E-09 

1 . ODOOO 





136 

2. 3078E+09 

0 . OOOOOE+OO 

0 . OOOOO 





137 

2. 1966E+11 

0 . OOOOOE+OO 

0 . OOOOO 





138 

3. 1979E+Q8 

0 . OOOOOE* 00 

0 ooooo 
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TABLE D.2. — Continued, 
(j) Continued. 


DERIVATIVES (CGS UNITS) » T 


1 39 

1 . 306 0 1 * 16 

140 

1 . UB14C* 16 

141 

5.00001*12 

142 

6 . 8 1 1 8 r ♦ 1 5 

143 

3 .60000 1 3 


0 . OOQOOE* 00 
0 . 0 00 OUE »00 
0 . 000001 1 00 
0 . OOOOOE t oo 
0 . 0000 OL I 00 


1 . 1 6420E+ 06 RHO 


0 . OQOOOE+OO 


0 .000110 
o . unono 
0 . ooooo 
0 . ooooo 
0 . ooooo 


MIXTURE MOLECULAR WEIGHT 29.63652 TOTAL ENERGY EXCHANGE RATE -1.37Q13E+09 

<CAL-CMK*3/GX*2/SEC) 


MASS FRACTION SUM l.ODOOOOOD 


CPU TIME FOR INITIALIZATION OF L SENS = 2.320000 S 


TIME 6 . 50 0 00 E~ 04 SEC 


AREA O.OOOOOE+QO SQ CM 


AXIAL POSITION 0.00000E*00 CM 


FLOW PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(G/CM**3) 
TEMPERATURE 
(DEG K) 

MASS FI OH RATE 
(G/SLC) 
ENTROPY 
(CAL/G/DEG K ) 
MACH NUMBER 

GAMMA 


1 .23771 
0 . 00 

2. 77826E-04 
1558 . 04 
0 . QQOQOE+OO 
2.2970 
0 .0000 
1 .2057 


INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 22 

AVERAGE SfEP SIZE 0.66459E-05 

METHOD ORDER 3 

FOTAL NUMBER OF S1EPS 169 

FUNd EVALUATIONS 233 

JACOBIAN EVALUATIONS 31 


ENTHALPY 1.71763E+0Q 

(CAL/G) 

SP. HLAT (CP) 4.05863E-01 

(CAL/G/DEG K ) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
(MOL E$/CM** 3 ) 

MOLE FRACTION 

CHS OH 

1 .6 331 3E - 06 

1 68690E-01 

CH3 

1 . 33680E -09 

1 . 38082E-04 

OH 

1 . 32068E-09 

1 . 36417E-04 

02 

1 .21777E-06 

1 .25787E01 

CH20H 

2 . 74785E-08 

2.83833E03 

HU2 

3 . 6 3D08E-08 

3.74961E-03 

H20 

5.47129E-Q7 

5 , 65144E-02 

0 

4. 03882E1 1 

4 . 17181E 06 

H 

1 . 60786E-1 0 

1 , 66 08 OE- 05 

H2 

3 . 49320E-08 

3.60823E-03 

CH4 

1 40417E-09 

1 .45041E04 

H202 

4 .42219E-09 

4. 56 78 1E-04 

CH2 0 

1 .74995E-07 

1 .80757E-02 

CH30 

2 . Q0942E- 1 0 

2. 07559E -05 

C2H6 

1 . 73379E-10 

1 . 79086E-05 

C2H5 

1 .56951E-13 

1 . 621 1 9E-08 

C2H4 

1 . 00184E-10 

1 . 03483E-05 

CH2 

1 .87284E-14 

1 .9345] E~ 09 

C2H5 

8 . 18959E-14 

8 .45925E-09 

C2H2 

7.69929E-13 

7 . 95280E-08 

HCO 

9 . 08209E-11 

9. 38114E 06 

C2H20 

1 . 4 6 4 3 1 E - 1 1 

1 . 51 253E-06 

C2H 

1 .71430E-17 

1 . 77 075E-12 

CO 

1 .99746E07 

2 . 06 323E- 02 

C2H0 

7 .94533E-14 

8 . 20695E - 09 

CII 

8 .49693E-18 

8.77672E 13 

C02 

1 . 01831E-08 

1 . 05184E-03 

M2 

5 . 72199E-06 

5. 91040E-01 

HCN 

2. D1536E-14 

2. 08172E-09 

N 

5. 89751 E- 16 

6 . 09170E-11 

CN 

4.90811E-17 

5 . 06972E-] 2 

UNCO 

8.91 339E- 1 2 

9 . 2Q688E 07 

NCO 

6 .72064E-15 

6.941 93E-10 

HH2 

2. 54211E-13 

2.62582E-08 

MO 

2.43236E-12 

2. 51245E-07 

NH 

6 . 89 48 3E-1 4 

7 . 12186E-09 

1102 

7 . 051 38 E- 1 2 

7 . 28 356 E- 07 

M20 

1 . 12947E-15 

1 . 16666E-10 

HN02 

3. 80009 E- 16 

3.92522E-I1 

HN03 

6 . 23374E- 1 7 

6 .43900E12 

HHO 

1 . 77972E- 16 

1 .83832E-11 

AR 

6 . 82936 E- 08 

7 . 05425E-03 


SPECIES PRODUCTION 

REACTION 

RATE CONST 

E (MOLE/CMXX3/SEC) 

NUMBER 

CGS UNITS 

-6 .53904E-03 

1 

1 .9203E*Q7 

7 . 70793E-Q5 

2 

2 . 8986 E*06 

3 . 77 190E-05 

3 

2 . 096 6 E * 1 2 

-5.261 03E-03 

4 

7 6119E+11 

6 . 17805E-04 

5 

3. 3361E*12 

2. 38526E-04 

6 

9 . 0266E+11 

1 . 01648E-02 

7 

8 . 44Q4E+ 09 

1 . 94849 E- 06 

8 

1 . 1969EUQ 

6 .73690E-06 

9 

2. 1382E+09 

9 .63257E-04 

10 

1 440QE*1 l 

5. 52713E-05 

11 

9.0586E+04 

-1 . 59208E-04 

12 

2.6985EH2 

7 . 45257 E-04 

13 

1 . 1 08 1 E * 06 

8.70415E-06 

14 

4 . 3128EH2 

1 34871E05 

15 

4 . 9565E+12 

1 . 21006E-08 

16 

2 . 2761 E* 09 

7 00562E-Q6 

17 

6 . 3000EF12 

2 . 0000 3E-09 

18 

5.6657E*10 

8 . 041 OOE-09 

19 

1 . 268 2 E * 1 3 

7 .80 i J6E-08 

20 

5.7535EH2 

2.94632E-06 

21 

8 .9524E* 12 

4 90586E-07 

22 

2. 79I0E* ] 3 

1 54283E12 

23 

4 .4829E* 12 

4 65676E-03 

24 

3 . 9 7 8 0 E ♦ 1 1 

5.48424E-09 

25 

4.8000E*13 

1 . U920E-12 

26 

2 . 000 OE * 1 3 

3. 33056E-04 

27 

5. 56 30E * 1 2 

-5.05261E-11 

28 

1 . 9560E*06 

9 .90791 E-l 1 

29 

3 . 2263EH2 

5 .62587E-12 

30 

1 . 4668 E * 1 2 

-2 . 58885E-12 

31 

2 . 29 09 E < 12 

-8 54386E-09 

32 

4 . 9725E » 1 2 

-3 . 7 54 36 E-l 0 

33 

9 . 7365E* 10 

8 . 79590E-09 

34 

4 . 31 4 7 £ + 1 2 

6 . 1 9354E-08 

35 

6 . 000QEO2 

-9 . 1 97 23E-1 * > 

36 

3.3000EH3 

-6 . 0999 1 E-Oa 

37 

5. 0000 E* 12 

4.97219E-11 

38 

3. OOOOE*! 3 

1 .62051E-12 

39 

3. 0000E* 1 3 

-1 . 52202E- 1 2 

40 

4 . 1125E*01 

6 . 24962E- 1 2 

41 

6 . 5588E* 12 

0 . OQOOOE+OO 

42 

1 . 2787 E » 1 3 


43 

6 . 5680E * 1 1 


44 

2 . 9998E * 1 1 


45 

3 08 01 E* 13 


46 

2. OOOOE* 1 3 


47 

6 . 5114EM 1 


48 

1 . 2020E* 12 


49 

1 OOOOE* 13 


50 

5. OOOOE* 1 3 


51 

3 . OOOOE* 1 3 


52 

5 . 24 1 5E * 1 2 


53 

1 OOOOE* 1 3 


54 

2.8000E* 1 3 


55 

? .846 1 1 * 1 ? 


56 

3.7 3441 * 12 


57 

5 . 66U9E * 1 2 


58 

3 . 7 7 3 9 E * 1 2 


59 

2. OOOOE H 3 


60 

7 .6681EIQ7 


61 

5 OOOOE * 1 5 


62 

9. 8684 E ill 


63 

2 . OOOOE > 13 


NET REACTION CONV RATE NET RATE/POSI- 
(M01C-CM«*3/G)»**?/SEC) TIVE DIR RATE 


3.85401E*03 

0.97983 

-1 76478E*03 

0.95940 

5 . 850 32E* 04 

0 . 99861 

6 .4B800EI02 

0 . 99745 

1 . 1 1 1 4 8 E * 04 

0 . 979 35 

3. 0707 1E*03 

0 . 99998 

2. 38172E*02 

0 .99768 

9.05141Et03 

0 . 9846 3 

7 . 36906E * 03 

0 .9999 9 

6 . 24 1 86 E* 04 

0 . 99986 

-1 . 1431 7E* 01 

0.99861 

-6.233U7E*01 

0.88760 

-2 .6 0446 t l 02 

0 9999] 

-3 156 54E01 

0 09059 

4 . 7 5206 E * 0 1 

0 . 39906 

3 .84768E* 01 

0 801 52 

-7 . 9350SE * 03 

0.98216 

1 . 42790E+03 

0 . 99999 

2.60414E+02 

0 . 88695 

2 . 07 7 08E * 00 

0 99959 

8 . 1 21 25F - 0 1 

0 99995 

8 279360 01 

0 . 99997 

8 . 50527E * 01 

0 . 96380 

4 . 5766/E-Q1 

0 46462 

1 . 56860E-02 

0 . 99955 

6 .48297E-03 

0 .999 36 

1 . 15756E*00 

0 .99708 

2 . 45783E-02 

1 . OOOOO 

5 . 52929E* 00 

0 99980 

-1 . 2 3202E * 0 ] 

0.83051 

1 20085E-01 

0 . 99995 

2 , 6 0 1 6 8 E 0 1 

0 99809 

9.98414E-01 

0 . 998 JO 

5 . 57 482E ♦ 00 

l . OOOOO 

1 . 02 354E- 0 3 

0 . 99998 

1 .41411 E- 03 

1 . OOOOO 

7 . 00620E-03 

1 . OOOOO 

5.91 324E-0 7 

0.99194 

5 . 4 56 39 E 10 

0 . 99996 

-1 . 58106E 0/ 

0.97550 

2 . 64231 E- 03 

1 . OOOOO 

5. 14950E- 03 

0 . 99966 

8 . 356 6 4E- 0 3 

0 . 96582 

3 . 8226 6 E - 0 3 

0 . 96732 

8 . 33024E05 

0 . 99998 

5 . 8 3425E-Q6 

0 . 99453 

8. 16209E-01 

1 . OOOOO 

4.9971 7E05 

] . 0001)0 

1 . 35703E 02 

0 . 99822 

8 . 23793E-Q3 

0 . 99549 

5. 78545F 07 

1 . onouo 

3 . 1 56 1 1 E - 08 

0.31234 

8 . 17857E U / 

I . 0 U 0 0 0 

-7. 6 331 71.* OU 

0 . 521 09 

7.U898 SL fll 

0.99428 

9.72/1 5F U 2 

0.85394 

1 . SB04UE 111 

0.9152/ 

2.86 127E-U2 

0 . 98953 

1 . 53239E-01 

1 OOOOO 

1 . 3 6 4 8 8 E - 01 

0.96915 

4. 4 850? E -07 

) . DO QUO 

3 . 12784E*05 

0 . 99979 

8 . 371471*00 

1 OOOOO 
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TABLE D.2. — Continued, 
(j) Concluded. 


m kiVAi i vls u;us uni I si . 


4 95379L*06 KHO 


64 

2 . 1 1221 i 05 

4 7 599/1 i 00 

9941 7 

65 

2 . 0 36 1 fc • 1 3 

6 . U 9 6 SSL * 04 

00000 

66 

6 .8905E* 12 

2 51 1 58E *03 

99993 

67 

1 . 1 265Ei 1 3 

1 . 0314 3E *0 3 

9 9 9 9 9 

68 

5. 68401*10 

1 . / 2 2 6 4 f . * 02 

9 9 99 9 

69 

1 . 1842LI l 3 

1 862581*01 

Ml 0 00 

70 

2 0 0 U 0 1: 1 ) 5 

1 .257351 *04 

99998 

71 

2.761 1 L « 0 5 

3 6 518 5! 04 

4 . 7 8882 

12 

9 . 2340L * 119 

2 564 59! 02 

J .49 7 38 

73 

6 . 095/ 1 1 0 V 

4. 89 0 54(1 0 3 

M 99968 

74 

9 . 2 J4UL 109 

2 . 1 1169! Ill 

U 99982 

7 5 

5 7 0 0 0 L i 1 2 

4.0/ 5116 T 06 

0 98251 

76 

1 00001 * 1 5 

1.34 0 541 0 3 

1 . (100 00 

77 

2 0845E U2 

6.1 585 5! 01 

6 94949 

78 

8 . 256 7f 109 

8 . 0 6 6 1 5 E 08 

(J 99640 

79 

2 . 9 3 5 3 1 » 1 2 

9.39U04E (14 

0 . 998 .50 

80 

1.1 0361 * 1 3 

4.19/181 04 

U 4/484 

81 

5 oooor* 12 

2.2/0481 08 

0 94929 

82 

4 DOOM i l 3 

1 8 1 7681: 11/ 

] OOOOO 

83 

3 OOOUI i 1 5 

4 .295041 i 04 

0 9991 a 

84 

5 . 00001 * 1 3 

1.425661 100 

1 (100110 

85 

3.00001 M3 

4 66 1 8 41. HI 1 

) OOOOO 

86 

2 . OOUOL * 1 3 

3 . 785/OEl UO 

1 OOOOO 

87 

1 898 30 12 

2 . 1 6 2 2 5 E < 0 4 

0.99944 

88 

6 . 3840E i 14 

6 . 4596 5E U 1 

J OOOOO 

89 

5. I092FI05 

1 .61 006HOU 

1 . OOOOO 

90 

3 0 1 9 0 f; * 1 I 

1 .031 15CH13 

0.999 38 

91 

3 49321 i 1 0 

3 . 28 146! i 0 5 

] . OOOOO 

9 2 

1 . 8 04 7 E * 1 1 

4 . 28 7 52EHI1 

0.45350 

95 

9 . 46 2 3t * 1 1 

2 . 591 7 / L i 0 5 

0 9964 » 

94 

4 . 9488 t ♦ 1 2 

7 92756L *01 

08/640 

95 

3 . 6 6 36 t * 1 3 

2. 76/991*0 3 

0 . 999! 

96 

3 .61991 i 1 3 

6 .87505E>02 

0 .999* 0 

9 7 

6.0000E+12 

4 . 96858E * 03 

0.994 * ( 

98 

9 . 4 8 4 5 E * I 3 

7 . 1 7 l 82E * 0 3 

1 . 00 M 2 

99 

2 . 4 6 2 4 1 UO 

L 0 3 39 IE* 02 

0 29‘ . 

1 00 

3 .84361 ♦ 12 

2 64435E * 02 

0.90 

101 

1.80001 *12 

3 . 0/1041*04 

0.99 

1 02 

7.80001*11 

/ . 1851 0! * 01] 

1 . II (■ 

1 03 

5.95071 * 1 0 

4 . 16 56 21 * 04 

0.9' 

I D4 

6 .61 3UF *1 2 

5 .68 553! * 0 5 

U 9 

105 

2.0166! * 1 5 

1 6I 7 35LKJ3 

0.9 

106 

2. 321 2E* 00 

4 . 648 58 L 0, 

0.9* 

107 

4 . 557 OF* 1 5 

3 .70595E 05 

0.94 

108 

7 . 521 or * 00 

6 6 1221! 03 

0 . 98 

1 09 

3.21921 02 

64411/1 06 

0 . 56 

1 1 0 

2.16161 * 08 

1 361 71! 0/ 

0 . 94 • 

1 11 

1 . 0 8 3 2 f * 3 3 

2 . 36 3441. 114 

0.98 

5 12 

8.84051*30 

5 5 / 8 8 4 E 0 6 

0.8‘ji . 

1 1 3 

1 61921 *11 

1 041 56 L - 0 3 

0,9.' 

] 14 

1 .20001*13 

3.0817/1 0 7 

1 . 00 ■•*. 

1 1 5 

5 60001 i 1 3 

1 .603411 05 

0 5 3 4 

1 16 

5 464 5! » 1 2 

4.306/81 03 

0.25)1 i 

1 1 7 

6 42221 i 1 2 

1 1 39 5 5 E 01 

U . 9 5 5 f ( *> 

1 1 8 

2.31671*13 

1 . / 9096 E - 02 

0 . 998 44 

119 

3 . 7 0 0 (J £ * 1 2 

1 . 8 1 5 4 4 E • 02 

0 . 998'- 8 

120 

2 . 00001 * 1 5 

7 . 0 3 3 1 2 E 0 5 

1 OOOOO 

1 21 

1 . lU'Ofll i 1 3 

5 1 34 9 01 1 0 

1 uui'iu 

122 

2 . 0 U U 0 £ * 1 3 

2 . / 8 1 4 5 L 04 

0.99441 

123 

6.4 5 321 * 1 1 

1 . 6 6 2 4 9 C - i 0 

U . 96. 16 

! 24 

2 . no not ♦ 12 

5 . 3 54<> 4 L 1 0 

0.994)0 

l 25 

1 0 34 51*13 

1 . 219 36! 02 

0 . 99918 

1 26 

2.43811*12 

2 . 46 566 t * 00 

0 88406 

1 27 

8 , 4 K 9 E * 12 

5 . 0408 2E- 02 

0 . 99911 

1 28 

8 : 7 4 3 L ♦ 1 5 

4 . 86 8 2 3! 02 

0 . 99794 

129 

2 4841 * 1 4 

: 1 /OilL* 00 

1 .00000 

130 

2 , ••• 7/1 * 0 7 

. 96 ! 7 | E 04 

0 999/1 

1 31 

9 .1 7 41* 06 

1.1 7 35 0! 0 2 

1 99000 

1 32 

3 !.:• 661 * 0 3 

! . U < 5 n 1 0 5 

0 >4429 

13 3 

4 moot *12 

, 1 5 Ml 4 1 0 / 

1 J 111)00 

! 3 4 

5 m/snoc 

• . 4 1 5 5 fl t 0 4 

0 iva 78 

1 38 

1 i 7 37 r * 1 0 

7 464 5.1 06 

0 J ■* / w 

1 56 

1 ’ 2 41 * 1 0 

52 0 15! 09 

0 ) t 9 7 8 

1 37 

5 . ) 8 2 7 t. ♦ 11 

; 5 5 ‘i i !i i 0 / 

f] / (1/34 

1 38 

2 11 4 26 E * 0 9 

. 54486 t 03 

0 1 9 4 W 

l 39 

3 0237 1 * 1 6 

.• r * 1 i i: 4 ( 14 5 

Q 00171 

140 

9.64/31*15 

- 52 V' ' i 11 \ 

0 62467 

141 

5 Li (Hi 0 f * 1 2 

! ri o 

0 46418 

142 

6 5548 £ * 1 5 

V ■ ’ l I 1 4 

0 59/45 

145 

5 60001*13 

i'H 1: r i-4 

0 V) 7 42 

0 . 12 U U LI 

L nu- 




MIXTURE MOLECULAR HEIGHT 28.69745 IOTA! ENERGY EXCHANGE RATE . / 5i5UE*09 


ii!« >um toouGOOul 


(CAL -CMk*3/G*«2/SEC ) 


C UMPU TER TIHE (CPU) KEQU1 RED < FOR THIS STEP - 1.65Q002E+00 S H-* 1 ■ HIS TIME .11. *01 3 


(ISENS) END OF THIS CASE 


SUMMARY QF CUMPU T AT I ONAL WORK REQUIRED FOR PROBLEM* 

IUTAL HO. OF STEPS - 169 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 233 

SOIAL NO. OF JACOBIAN EVALUATIONS - 31 

S 0 r AL CPU TIME - 11.1 50002 S 


TOIAL CPU TIME (INCLUDING I/O) REQUIRE U.839996 3 


( L SENS ) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued, 
(k) Case 1 1 






LEWIS 

SENSITIVITY 

AND GENERAL KINETICS 

PROGRAM NASA 

LEWI5 RESEARCH 

CENTER 



l SENS 

PROPANE 

-AIR WELL-STIRRED 

REACTOR 

4 ROCKET EXP t 

EMAX= i 0- A CASE 11 



tEACTION 




REACTION 



REACTION 

RATE VARIABLES 


HUMBER 








A 

N 

ACTIVATION 











ENERGY 

1 



mCSH8 


mC2H5 

4 

mCH3 

5 . OOOOOE + 15 

0.0000 

83500.00 

2 

1*CH3 

4 

mC3H8 

3 

lxCHA 

4 

mC3H7 

3.55000E412 

0 .0000 

10300.00 

3 



HtC3H7 

3 

1XC2HA 

4 

mCH3 

3 . OOOOOE41A 

0 .0000 

33200 . 00 

A 

M 

♦ 

i*cha 

= 

mCH3 

4 

1 *H 

2 . 00Q00EU7 

0 .0000 

88000.00 

5 

1 *H 

4 

men* 

3 

mcHj 

4 

muz 

1 . 26000E41 A 

U . 0000 

11900.00 

6 

1KCH4 

4 

mo2 

= 

1*CH3 

4 

mH02 

7 . 9 AOOOE 4 1 3 

0 .0000 

56 000 . no 

7 

mo 

+ 

i*cha 

= 

mem 

4 

moH 

1 . 90000E4] A 

0 . 0000 

1 1 720 .00 

8 

mon 

4 

i*cha 

= 

mCH3 

4 

mnzo 

2. 50000E4] J 

0 . 0000 

5010 . 00 

9 

UCH3 

♦ 

mo 2 


mCH30 

4 

1 K0 

2.AQUQ0E413 

0 . 0000 

28680 .00 

10 

UCH3 

4 

moH 

= 

mCH30 

4 

i*h 

6.30000E412 

0 . 0000 

0.00 

11 

M 

+ 

mCH30 

- 

mCH20 

4 

i*h 

5. 00000E4] 3 

0 0000 

21000 . 00 

12 



2*CH3 

- 

1 *C2H6 



2. A0000E4] A 

-0 . A 0 0 0 

0 . 00 

13 

mu 

4 

1*C2H6 


1 HC2H5 

4 

1 *H2 

1 . 32000EUA 

0 . 0000 

9/00 . 00 

1A 

mo 

4 

mC2H6 

- 

1»C2H5 

4 

1 K0H 

1 . 1 3000EUA 

0 . 0000 

7850 . 00 

15 

moH 

* 

mC2H6 

3 

1 *C2H5 

4 

1 *H2Q 

8 . 7Q000E413 

0 . 0000 

3520 . 00 

16 

M 

4 

mC2H5 

3 

1*C2HA 

4 

mn 

1 . 00U00E417 

0 . 0000 

31000 . 00 

17 

1*C2H5 

4 

mo2 

= 

1XC2HA 

4 

1MH02 

2 . 0Q00DEH2 

0 . 0000 

5000 . 00 

18 

mn 

4 

mC2H5 

■ 

1XC2HA 

4 

mH2 

A.80000E413 

0 , 0000 

0 . 00 

19 

mCH3 

4 

mCH2 

* 

1XC2HA 

4 

1*H 

2. Q0000E413 

0 . 0000 

0 . 00 

20 

mn 

+ 

1XC2HA 

3 

1KH2 

4 

IKC2H3 

1 . 50000E4 1A 

0 . 0000 

10200 . 00 

21 

M 

4 

mC2H<4 

3 

mc2H2 

4 

mH2 

2.6Q000EM7 

0 . 0000 

79300 . 00 

22 

mC2H4 

4 

moH 

3 

1 WC2H3 

4 

1 *H20 

A . 8 0 0 0 0 E + 12 

0 . 0000 

1 2 3 D . 00 

23 

mC2H4 

4 

moH 

3 

mCH3 

4 

1 XCH20 

2 . OQQQOE + 12 

0.0000 

960.00 

2A 

mC2H4 

4 

mo 

3 

1 «CH3 

4 

mHco 

3.30 0 0 0 EU2 

0 . 0000 

1130.00 

25 

mC2H4 

4 

mo 

= 

mCH20 

4 

mCH2 

2.50000E413 

0 .0000 

5DDD . DO 

26 

M 

4 

mC2H3 


1XC2H2 

4 

mH 

3.00000E415 

0 . ODOO 

32000.00 

27 

l*C2H3 

4 

mo 2 

* 

mCH20 

4 

mHco 

3.98000E412 

0 . OOOD 

-250 . 00 

28 

mC2H3 

4 

mH 

= 

mC2H2 

4 

mH2 

6 . 00000EU2 

0 . 0000 

0 .00 

29 

mC2H3 

4 

mo 

3 

mC2H20 

4 

1 *H 

3.30000E413 

0 . 0000 

0 .00 

30 

mC2H3 

4 

moH 

3 

mC2H2 

4 

mH20 

5.00000E412 

0 . OOOD 

0 .00 

31 

l*C2H3 

4 

mCH2 

3 

mC2H2 

4 

mCH3 

3 . 0 000 0 E + 1 3 

0 . OOOD 

0 .00 

32 

mC2H3 

+ 

1*C2H 

3 

2*C2H2 



3.0GG00E413 

0 . 0000 

0 .00 

33 

M 

4 

mC2H2 

= 

1»C2H 

4 

mn 

A . 20000E + 16 

0.0000 

1 07 ODD . OD 

34 

1*C2H2 

4 

mo 

3 

1*CH2 

4 

mco 

1 . 6 0000E + 1 A 

0 .0000 

9890.00 

35 

mC2H2 

4 

mo 

3 

1 *C2H0 

4 

mn 

A . 00000E + 1A 

0 . 0000 

1 0660 . 00 

36 

mC2H2 

4 

moH 

s 

mC2H 

4 

1 XH20 

6 .30000E41 2 

0 . 0000 

7000 . 00 

37 

mC2H2 

4 

moH 

3 

mC2H20 

4 

mH 

3.20000E41 1 

0 .0000 

200 .00 

38 

mC2H 

4 

mo2 

3 

mC2H0 

4 

mo 

5.00000E+13 

0 . 0000 

1 500 .00 

39 

mC2H 

+ 

moH 

3 

mC2H0 

4 

mH 

2 . 00000E41 3 

0 . 0000 

0.00 

40 

mC2H0 

4 

mo 2 

3 

2*C0 

4 

moH 

1 . A6Q00EU2 

0 .0000 

2500 . 00 

41 

mC2H0 

4 

mo 

3 

2#CQ 

4 

mH 

1 .20200E4J2 

0 . 0000 

0 . 00 

42 

mC2HO 

4 

1 * OH 

3 

2XHC0 



1 .OOOOOEU3 

0 . 0000 

0 . 00 

43 

mC2H0 

+ 

m» 

3 

mCH2 

4 

mco 

5.00000E413 

0 .0000 

0 . 00 

44 

1*C2H0 

+ 

1XCH2 

3 

mC2H3 

4 

mco 

3 . 00000E + 13 

0 .0000 

0 .00 

45 

mC2H0 

4 

mCH2 

3 

mCH20 

4 

1XC2H 

l . OOOOOEU3 

0 . 0000 

2000.00 

46 



2*C2H0 

3 

mC2H2 

4 

2KC0 

1.00000E413 

0 . oooo 

0 .00 

47 

1 XC2H20 

+ 

moh 

= 

1 *CH20 

4 

1 *HCO 

2.80000E413 

0 . 0000 

0 .00 

48 

1XC2H20 

+ 

moH 

= 

mC2H0 

4 

1 KH20 

7 . 5 0 0 0 0 E 4 1 2 

0 . 0000 

3000 . 00 

49 

mC2H20 

4 

mn 

3 

mCH3 

4 

mco 

1 . 1 5000E 1 ] 3 

0 0000 

3A28 .00 

50 

1XC2H20 

+ 

mH 

= 

mC2H0 

4 

1 KH2 

7 . 50000E4) 5 

0 . 0000 

8000 . 00 

51 

mC2H20 

4 

mo 

a 

mC2H0 

4 

moH 

5 . OOOOOE* 1 3 

0 . 0000 

8000 . 00 

52 

1XC2H20 

+ 

mo 

3 

mCH20 

4 

mco 

2 . OOOOOE4 13 

0 . 0000 

0 . 00 

53 

M 

4 

1*C2H20 

a 

mCH2 

t 

1 xCO 

2. 00000EH6 

0 .0000 

60000 . 00 

54 

mC2H 

+ 

mo 

3 

mco 

4 

men 

5.00000EH3 

0 . 0000 

0 . 00 

55 

mCH30 

4 

mo 2 

s 

mCH20 

4 

1MH02 

1 .00000E* 13 

0 . 0000 

7170 00 

56 

mCH30 

4 

mn 

3 

mCH20 

4 

mH2 

2 . OOOOOE+ 13 

0 . 0000 

0 . 00 

57 

M 

4 

mCH2D 

3 

mneo 

4 

mH 

5 . OOOOOE416 

0 . 0000 

81000. 00 

58 

mCH20 

4 

1XQH 

a 

mHco 

4 

mnzo 

3.00000E413 

0 . 0000 

1200.00 

59 

mCH20 

4 

mH 

3 

mHco 

4 

1 KH2 

2. 50000E4 1 3 

0 . 0000 

3990 . 00 

60 

mCH20 

4 

mo 

a 

mHco 

4 

mow 

3.500006413 

0 . 0000 

3510.00 

61 

mCH3 

4 

mCH20 

3 

i*cha 

4 

mHco 

1 . OOOOOEMO 

0.5000 

6000 . 00 

62 

mCH3 

4 

mHco 

X 

mcHA 

4 

1 XCO 

3. 0000 OE >11 

0. 5000 

0 . 00 

63 

mCH3 

4 

l*H02 

5 

mCH30 

4 

moH 

2 . 000006>13 

0 . 0000 

0 . 00 

64 

M 

+ 

mCH3 

3 

1KCH2 

4 

mH 

1 .950006416 

0 . 0000 

91600 . 00 

65 

1*H 

4 

mCH3 

3 

mH2 

4 

1XCH2 

2.7000Q6UI 

0.6700 

25700 . 00 

66 

mo 

4 

mCH3 

3 

moH 

4 

1XCH2 

1 .900006411 

0.6800 

25700 . 00 

67 

moH 

+ 

mCH3 

3 

mH20 

4 

meuz 

2.700006411 

0,6700 

25700 . 00 

68 

mcH 

4 

mco 2 

3 

mneo 

4 

meu 

3.700006412 

0 . 0000 

0 . 00 

69 

men 

■4 

mo 2 

3 

mneo 

4 

mo 

1 .000006413 

0 . 0000 

0 . 00 

70 

mCH2 

4 

mo2 

S 

mCH20 

4 

mo 

5.000006411 

0 . 5000 

6960 . 00 

71 

mCH2 

4 

mo 

a 

men 

4 

1 XOH 

2.000006411 

0,7000 

25800 . 00 

72 

mCH2 

4 

moH 

3 

men 

4 

1XH20 

5.000006411 

0 . 5000 

5900 . 00 

73 

1*CH2 

4 

mn 

3 

men 

4 

1 *H2 

3.200006411 

0 .7000 

A970 00 

74 



2*CH2 

a 

mC2H3 

4 

1MH 

5.000006412 

0 . 0000 

0 . 00 

75 



2#CH2 

3 

mC2H2 

4 

mH2 

A .000006413 

0 . 0000 

0 .00 

76 

mHco 

4 

1*02 

3 

mco 

4 

1 *HQ2 

3.000006413 

0 . 0000 

0 . 00 

77 

mHco 

4 

mo 

3 

mco 

4 

moH 

3 . OOOOOE 4 1 3 

0.0000 

0 . 00 

78 

mneo 

4 

moH 

3 

mco 

4 

1XH20 

3 . OOOQOE 4 1 3 

0 . 0000 

0 . 00 

79 

mneo 

4 

mn 

3 

mco 

4 

]XH2 

2 . OOOOOE 4 1 3 

0 . 0000 

0.00 

80 

M 

4 

mHco 

3 

mn 

4 

1 XCO 

2 . 9000064 1 A 

0 . 0000 

15570 . 00 

81 

mco 

4 

mo 

3 

meuz 

4 

M 

2 . A00006 > 1 5 

0 . 0000 

A100 . 00 

82 

mco 

4 

mo 2 

3 

mco 2 

4 

mo 

2. 5000064)2 

0 0000 

A7690 . 00 

83 

mco 

4 

moH 

3 

mco 2 

4 

1 XH 

A. 17000641 1 

0.0000 

1000 . 00 

84 

mco 

4 

mno 2 

3 

1 »CD2 

4 

mow 

5.7 500064 1 3 

0 0000 

22930 00 

85 

mo 

4 

mH20 

3 

2*QH 



6 .800006 413 

0 , 0000 

18365 00 

86 

mn 

4 

mo 2 

3 

moH 

4 

mo 

1 .89000E41A 

0 0000 

l 6 A 0 0 . 00 

87 

mo 

4 

mn2 

3 

moH 

4 

1 XH 

A . 200006 4 1 A 

0 . 0000 

15750.00 

88 

mn 

4 

mno 2 

3 

1*H2 

4 

mo 2 

7 . 280OOE4 1 3 

0 0000 

2126 . 00 

89 

mo 

4 

mno 2 

3 

moH 

4 

mo 2 

5.000006413 

0 0000 

1000 . 00 

90 

mH02 

4 

mow 

3 

mH20 

4 

mo 2 

8 . 000006412 

0.0000 

0.00 

91 

mn 

4 

1 XH02 

3 

2* OH 



1 .3A00QE41A 

0 . 0000 

1070.00 

92 

1 MH2 

4 

mH02 

= 

mH202 

4 

1XH 

7.910006413 

0 . 0000 

25000 . 00 

93 

moH 

4 

1*H202 

= 

mii 2 o 

4 

1 *H02 

6 .100006412 

0 . 0000 

1 A50 .00 

94 



2*H02 

3 

mH202 

4 

mo2 

1.800006412 

0 . oooo 

0 .00 

95 

mn 

4 

1 *H2Q2 

a 

mow 

4 

1XH20 

7 . BOOOOE >11 

0 .0000 

0 .00 

96 

M 

4 

mH202 

= 

2*0H 



1 . AA0006 > 17 

0 . oooo 

A 55 ] 0 .00 

97 

m»2 

4 

moH 

3 

1*1120 

4 

1XH 

A . 7AQOQE4 1 3 

0 . oooo 

6098 . 00 

98 

mn 

4 

mo2 

= 

mno 2 

4 

h 

1 . A6000E4 15 

0 . oooo 

-1000 . OQ 

99 

M 

4 

1*H20 

= 

1XH 

4 

moH 

1 . S00Q0EU5 

0 .0000 

1 051 AO .00 

100 

mH 

4 

mo 

3 

mow 

4 

M 

7 . 100QQE4 18 

1 . oooo 

0 .00 

101 

M 

4 

mH2 

3 

2*H 



2.20000E41A 

0 .0000 

96000 . 00 

102 

M 

4 

mo 2 

3 

2*0 



1 .800006 418 

-1 . oooo 

118020.00 

103 

men 

4 

mN2 

3 

mticii 

4 

1KN 

1. OOOOOE* l 1 

0 . oooo 

19000 . 00 

104 

mew 

4 

mH2 

- 

mncti 

4 

1 xH 

6 . OOOOOE 4 1 3 

0 . oooo 

5300 . 00 
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TABLE D.2. — Continued 
(k) Continued, 


1 05 

1*0 

t 

1 * MC N 

_ 

UOH 

♦ 

ucn 

1 . A D 0 0 0 E * 1 l 

0 . 6800 

16900 .00 

106 

1 *011 

+ 

1 *HCN 

- 

1 *HNCO 

F 

UH 

A .OOOOOE* 1 1 

0 . 0000 

2800 . 00 

107 

UCN 

♦ 

1 *0 

- 

uco 

F 

UN 

1 . 20000E * 1 3 

0 . 0000 

0 . DO 

ioa 

UCN 

1 

1 * OH 

- 

UHCO 

* 

Ull 

2 . 5 0 0 0 0 E * 1 A 

0 . OOOO 

6 00 0 . 00 

109 

1 *112 

♦ 

1 *NCO 

= 

1 xHNCO 

♦ 

UH 

1 . OOOOOE * 1 A 

0 . 0000 

9000.00 

1 1 0 

lMINCO 

♦ 

1 Ml 

= 

1MJH2 

F 

uco 

1 .OOOOOE* 14 

0 . 0000 

8500 . 00 

111 

1 *CN 

* 

1*02 

= 

1 MICO 

F 

uo 

3 . 2QQQQE » 1 3 

0 . 0000 

1000 . 00 

112 

1 *CN 

F 

1 *C02 

= 

UNCO 

F 

uco 

3.700006*12 

0.0000 

0 . 00 

113 

1 *0 

* 

ImNCU 


UNO 

F 

uco 

2 OUQQQE + 1 3 

0 .0000 

0.00 

I 1 A 

1*11 

+ 

i*nco 

= 

1 *112 

F 

uco 

1 OOOOOEM 3 

0 . OOOD 

0 . 00 

115 

1 *H 

f 

1KNC0 

= 

1 M1H 

F 

uco 

2 . OOOOOE l 1 3 

0.0000 

0 . 00 

116 

1 *CM 

♦ 

1 *110 

= 

1 *11 

* 

UHCO 

1 OOOOOEM 3 

0 . 0000 

99A0 . 00 

1 1 7 

1 *CH 

♦ 

1 * NO 

- 

1 *0 

+ 

1 MIC 11 

2 OOOOOE+ 1 2 

0 0000 

0 00 

118 

1 MIH 

* 

1 * OH 

- 

1 *11 

F 

UH20 

5 , OOOOOEM 1 

0 5000 

2000 00 

119 

1 *H(I2 

* 

1 * NO 

- 

UN02 

t 

UOH 

2 . OOOOOE M2 

0 0000 

-A77 00 

120 

1 *0 

* 

l*ri02 

- 

UNO 

F 

U 02 

1 OOOOOE * 1 3 

0 . 0000 

596 . 00 

121 

1 *N0 

♦ 

1*0 

- 

UN02 

V 

M 

5 . 62000E* 1 5 

0 . D 0 0 0 

M 160 . 00 

122 

1 *N02 

F 

1 *M 

S 

1 *110 

F 

1 *0H 

3.A7000E* 1A 

0 . 0 0 0 0 

1 A 7 0 . 00 

123 

1 -NO 

♦ 

1 Ml 

= 

UN 

+ 

UOH 

2 .630006*14 

0 . 0000 

50A 1000 

12A 

1 *110 

F 

1 *0 

- 

1 Ml 

F 

1*02 

3.80000E+09 

1 . 0000 

A1 370 00 

125 

1 *0 

* 

1 * N2 

- 

UNO 

+ 

UN 

1 . 8U000EM A 

0 . 0000 

76250 00 

126 

1 *N 

+ 

1 *N02 

- 

2*110 



A 00000EM2 

0 0 0 0 0 

0 . 00 

127 

M 

♦ 

1 *1120 

= 

1 *112 

+ 

1 *0 

6 . 92000EI 23 

2 . 5000 

6 5000 . 00 

128 

1 *0 

♦ 

1*1120 

- 

1*112 

+ 

1*02 

1 . OOOOOE i 1 A 

U 0000 

28020 00 

129 

1*0 

* 

1*1120 

= 

2M10 



6 . 92000E * 1 3 

0 . 0000 

26630 00 

1 30 

1 *N20 

* 

1*H 

= 

1MJ2 

F 

1 *UH 

7 . 59000EM 5 

0 . 0000 

15100.00 

1 31 

1 *1102 

♦ 

1 *H2 

= 

UMNO 2 

F 

1*H 

2 . AQOOOE* 1 3 

0 0000 

29000 . 00 

1 32 

1 *()H 

+ 

1 *1102 

= 

UHN05 

F 

M 

3. OOOOOE* T 5 

0 . 0000 

3800 . 00 

133 

1 *011 

F 

1*110 

- 

UHN02 

F 

M 

5 60000E* 1 5 

0 0000 

M/00 . 00 

l 3 A 

1MIIN0 

* 

1 *M 

= 

1*H2 

+ 

UNO 

5.Q0UU0LM2 

0 0000 

0 . 00 

135 

1 *H 

♦ 

1 *110 

= 

1 *11110 

F 

M 

5. A Ull HITE M 5 

0.0000 

600.00 

1 36 

1 * UNO 

* 

UOH 

- 

1 *112 0 

F 

1 *110 

3.6UIJUIJEM3 

0 . 000 0 

U .00 





Al L 

THIRD BODY 

RATIOS ARE 

. 0 EXCEPT 

THE FOLLOH1MG 




M( M2 

, 96) = 

2 . 30000 

mo2 

, 96) - 

0 . 78000 

MIH20 

, 96 ) = 6.00000 

MIH202 

, 96 ) 

^ 6.60000 

H( 02 

, 98) - 

1 . 30000 

M< 112 

, 98 ) - 

1 . 30000 

MIH20 

, 98 ) ^ 21 . 30000 

MIC 02 

, 98) 

- 7.00000 

IK M2 

, 99) = 

A . 00000 

M( 02 

, 99 ) i 

1 . 50000 

M( H20 

, 9 9) - 2 n OOUOO 

Ml 112 

, 99) 

- 1.50000 

H(C02 

, 99) - 

A .00000 

M( M2 

MOD - 

A .10000 

M( 02 

M 3 D = 2 . 00000 

Ml II2U 

MOD 

= 15.0UQ00 

MUI2 

MOD = 

2.00000 

M( 02 

M 32 ) = 

0.70000 

Ml H2 

M 52) = 1 . A0000 




** INITIAL CONDITIONS ** 


T I ME 0. OOOOOE+OO StC 


AREA 0 . 000006*00 SO CM 


AXIAt POSITION 2 . (JOOOOE- 0 1 CM 


Ft ON PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 
( ATM) 

vti oci rr 

<CM/SEC> 

Dt NS 1 TY 
<U/CM**3) 

1 1 MPERAlURfc 
l DEG K > 

MASS II OH NA ! E 
( G/SLC) 
tNTROPY 
(CA 1/0/ DIG K ) 


5 . 00000 
0 . 00 

2.96325E-03 
6 1 A , QO 
I . OOflOUt ♦ 0 l 
1 . 7275 


STEPS PROM LAST PRINT 
AVERAGE SILT' SIZE 
METHOD ORDER 


0 

0 . OOOOOE* 00 
0 


TOTAL NUMBER OF STLPS 0 

FUNCT EVALUATIONS 0 


MACH NUMBER 0.0000 JACOBIAN EVALUATIONS 0 

GAMMA 1.29 5 A 

ENIHAIPY 5.60515001 

LCAl /U) 

SP. HLAT (CP) 2 , 9 1 8 58 E- 0 1 

(CAl/G/DEG K ) 


HEAT LOSSniDUT/MDuT) - -1.21806*00 CAL/G 


CHEMICAL PROPERTIES 


5PEC1LS 

MASS FR AC 1 1 Oil 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RAIE CONST 

NET REACH Ull C01IV RATE 

NET KAlfc/POSI- 




RAIE (MOL E/CM* *3/SEC) 

NUMBER 

CGS UN ITS 

IMOL t*CM**5/G**2/3EC) 

TIVE DIR RATE 

C5H8 

ft. 7 326 26- 02 

5.913186-02 

-5.57 359E-20 

\ 

9 . A978E- 1 5 

6 . 3A7A2E 1 5 

1 .00000 

C2H5 

0 . OOOOOE+OO 

0 . OQOOOE+OO 

5 . 57 359E-20 

2 

7 .6 560E* 08 

0 . OOOOOE* 00 

0.00000 

CM3 

0 . OOOOOE* 00 

0 OOOOOE* 00 

5 . 57 359E-20 

3 

A . 568 5E ♦ 02 

0 . OOOOOE* DO 

0 . OOUOO 

CMA 

0 . OOOOOE* 00 

0 OOOOOE *00 

0 . OOOOOE+OO 

A 

9 . 50A6EM5 

0 . OOOOOE* 00 

0 . OOUOO 

C 3)1/ 

0 . OOOOOE*OQ 

0 . OOOOOE*QO 

0 . OOOOOE+OO 

5 

7 . 322 I E ♦ 09 

0 OOOOOE* 00 

0.00000 

C2MA 

0 . OOOOOE* 00 

0. 000006*00 

0 OOOOOE+OO 

6 

9 .2670E- 07 

0 . OOOOOE + OO 

000000 

H 

0 0000 OE ♦ 00 

0 . OOOOOE + 00 

0 . OOOOOE + OO 

7 

1 . 2796 E * 1 0 

0 . OOOOOE * 00 

0.00000 

H2 

U OOOOOE+OO 

0 OOOOOE* 00 

0 . OOOOOE* 00 

8 

A 1 1 77EM 1 

D . 000006*00 

0 00000 

02 

2 1 1232601 

I . 9/108E-01 

- 1 .91 172E-3A 

9 

I . A850E + 03 

0 . OOOOOE* 00 

0 00000 

HO 2 

0 OOOOOE *00 

0 . QGOOQE*OQ 

0 OOOOOE+OO 

10 

6 . 3000EM2 

0 . OOOOOE+OO 

0 00000 

0 

0 OOOOOE* 00 

0 OOGQOEtOO 

1 96753E-JA 

11 

1 .67556+ 06 

0 OOOOOE* 00 

0 00000 

OH 

0 . 0 0 OOOE * 00 

0 OOOOOE+OO 

0 . OOOOOE* 00 

12 

1 8A05EM 5 

0 . OOOOOE * 00 

0 . 00000 

H20 

0 . 00 OO OE * 00 

0 . OOOOOE* 00 

0 . OOOOOE + OO 

13 

A 65A9EM 0 

0 . OOOOOE * 00 

0 . 00000 

CM 30 

0 . OOOOOE* 00 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

1A 

I .81526+ 1 T 

0 . 0O000E*00 

0 00000 

CH20 

0 . OOOO0E*OO 

0 . OOOOOE + 00 

0 . OOOOOE + OO 

1 5 

A 8595EM2 

0 . OOOOOE* 00 

0 00000 

C21I6 

0 . OOOOOE * 00 

0. OOOOOE i 00 

0 . OOOOOE+OO 

16 

9. 2A 126*05 

0 .000006*00 

0 00000 

CH2 

0 . 00000e*00 

0 . OOOOOE* 00 

0 OOOOOE+OO 

17 

3. 3213EMQ 

0 . OOOOOE* 00 

0 00000 

C2H 3 

0 . OOOOOE ♦ 00 

0 . OOOOOE * 00 

0 . OOOOOE + OO 

18 

A . 8000E+ 1 3 

0 . OOOOOE + OO 

0 . 00000 

C2TI2 

0. OOOOOE+OO 

0 . OOOOOE* 00 

0 OOOOOE+OO 

19 

2 0000 E M 3 

0 . OOOOOE l 00 

0 00000 

HCH 

0 . OOOOOE * 00 

0 . OOO 0 0 E * 0 0 

0 . OOOOOE* UO 

20 

3, 51 12EM 0 

0 . OOOOOE 100 

0 00000 

C2H2U 

0 . OOOOOE* 00 

0. OOOOOE* 00 

0 , OOOOOE + OO 

21 

1 . 5A3BE M 1 

0 . OOOOOE < OO 

0 00000 

C2H 

0 . OOOOOE* 00 

0 . OOOOOE+OD 

0 . OOGOOE + OO 

22 

l . 7516E* 12 

0 . OOOOOE >00 

0 . 00000 
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TABLE D.2. — Continued, 
(k) Continued. 


CO 

0 . OQOOOE+ 00 

0 . OOOOOE + OO 

1 . 16036E-4Q 

C2H0 

0 . 00Q0QE+ 00 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

CH 

0. OOOOOE+OO 

0. OOOOOE + OO 

0 .OOOOOE+OO 

C02 

4. 1620QE-04 

2 . S2378E-04 

-1 . 16036E-40 

M202 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 . ODOOOE+OO 

M2 

6 . 89289E - 0 1 

7 . 347Q5E-0L 

-1 .85592E-34 

HCN 

0 . OOOOOE *-00 

0 . OOOOOE+OO 

0 .OOOOOE+OO 

N 

0. OOOOOE+OO 

0. 00000E+ 00 

0 . OOOOOE+OO 

CM 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

HMCO 

0 , OOOOOE + 00 

0 . OOOOOE + OO 

0 , OOOOOE+OO 

NCO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0 OOOOOE+OO 

MH2 

0. OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

MO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE + OO 

MH 

0 .OOOOOE + OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

MO 2 

0 .OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

M20 

0 .OOOOOE+OO 

0 .OOOOOt + OD 

1 8 5592E- 34 

HN02 

0 .OOOOOE + OO 

0 .OOOOOE + OO 

0 . OOOOOE + OO 

HN03 

0. OOOOOE+OO 

0 .OOOOOE + OO 

0 . OOOOOE+OO 

HMO 

0. OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

AR 

1 .17370E-02 

8 .77283E-03 

0 . OOOOOE+OO 


23 

9 . 1059E+11 

0 . OOOOOE+OO 

0 .00000 

24 

1 . 3071E+12 

0 . OOOOOE+OO 

0.00000 

25 

4 . 1 5 1 6 E + 1 1 

0. OOOOOE+OO 

0 . DOOOO 

26 

1 .2215E+04 

0. OOOOOE+OO 

0 .00000 

27 

4 .8851E+12 

0 .OOOOOE + OO 

0 .00000 

28 

6 .OOOOE+ 12 

0 . OOOOOE+ 00 

0 .00000 

29 

3. 3000E+13 

0 .OOOOOE + OO 

0 . 00000 

30 

5 . OOOOE + 1 2 

0 .OOOOOE+OO 

0 . 00000 

31 

3. 0000E+ 13 

0- OOOOOE+ 00 

0 . 00000 

32 

3. 0000E+13 

0 .OOOOOE + OO 

0 . 00000 

33 

3.44526-22 

0. OOOOOE + OO 

0 . 00000 

34 

4 .8287E + 10 

o. onoooE + oo 

0 . 00000 

35 

6 4224E+ 10 

0 . OOOOOE+OO 

0 . 00000 

36 

2.031 1E+10 

0 . OOOOOE I 00 

0 . oouoo 

37 

2 .7162E+1 1 

0 . OOOOOE+OO 

0 . 00000 

38 

1 .4624E+13 

0 . OOOOOE + 00 

0.00000 

39 

2.0D00E+13 

0 . OOOOOE + 00 

0 . 00000 

40 

1 .8814E+ 1 1 

0 . OOOOOE + OO 

0 . 00000 

41 

1 .2020E+ 12 

0 . OOOOOE+OO 

0 00000 

42 

1 . OOOOE+ 1 3 

0 . OOOOOE + OO 

0 . 00000 

43 

5. 0000E+ 1 3 

0 . OOOOOE* 00 

0 . 00000 

44 

3. 0000E+13 

0 OOOOOE+OO 

0 . 00000 

45 

1 . 9414E+12 

0 OOOOOE+OO 

0 .00000 

46 

1 . OOOOE+ 15 

0 . OOOOOE* 00 

0 . 00000 

47 

2.8000E+ 13 

0 . OOOOOE+OO 

0 . 00000 

48 

6 . 4 1 55E i 1 1 

0 .000006+00 

0 . 00000 

49 

6 .80616+11 

0 .OOOOOE+OO 

0 . DOOOO 

50 

1 . 0654E+11 

o . oonooE* oo 

0.00000 

51 

7 . 1 0261 + 1 0 

0 . 000U0E+ 00 

o . ooono 

52 

2 .00006+ 1 3 

0 . OOOOOE + OU 

0 . 00000 

53 

8 . 79/8E-06 

0. OOOOOE* 00 

O.OUOGO 

54 

5 00006+ 1 3 

0 . OOOOOE 1 00 

0 00000 

55 

2 . 8 04 7 E + 1 0 

0 000006 1 00 

0 . 00000 

56 

2 . 0 00 UL + 1 5 

0 . 000006 l 00 

0 . 000(10 

57 

7 . 37 0 3E-1 3 

0 000006+00 

0 00000 

58 

1 . 1220E+ 1 3 

0 OOOOOE >00 

0 00000 

59 

9 , 50001 + 1 1 

0 .OOOOOE * 00 

0 00000 

60 

1 .971 1E + 12 

0 . OOOOOE • 00 

0 00000 

61 

1 . 8131 E+09 

0 . OOOOOE + 00 

0 . ooooo 

62 

7 . 4 3 3 7 E * 1 2 

0 . OOOOOE < 00 

0 . ooooo 

63 

2 . OOOOE+1 3 

0. OOOOOE + OO 

0 ooooo 

64 

4.84776 17 

0 OOOOOE+OO 

0.00000 

65 

1 . 4 1 8 0 E + 04 

0 . OOOOOE + 00 

0.00000 

66 

1 . 1)64 0 1 + 04 

0 000006 * 00 

0 ooooo 

67 

1 . 4 1 8 0 E < 0 4 

0 . OOUOOl • 00 

0 . DOOOO 

68 

3 7000L+ 12 

U . 0001106 + 00 

o o on oo 

69 

1 , 0000E+ 13 

0.000006+00 

o . ooono 

70 

4 . 1 275E+ 10 

0 .OOOOOE * 00 

o . ooono 

7 1 

1 . 17 32E + 04 

o.noonoL+uo 

o . no it no 

72 

9 839/1+ 1 0 

0. OOUOOl: + 00 

0 . U 000 0 

73 

4.87 33E ♦ 1 1 

o . 00000L + no 

0 . ooooo 

74 

5. OOOOE+ 12 

o.oon on nou 

0 . ooooo 

75 

4 . OQOOE + 1 3 

o.oQiiunEioo 

0 ooooo 

76 

3. OOOOE + 1 3 

0 . OUOOUI ■ 00 

0 . ooooo 

77 

3 . OOOOE » 1 3 

0 . 000006 1 OU 

0 . ooooo 

76 

3.00006+13 

0 . 0000116+ UO 

0 . ooooo 

79 

2 OOOOE + 1 3 

0 . OOOOOE ■ 00 

0 . ooooo 

80 

8 . 324 3 L ♦ U8 

o . nuouoi. i u+i 

0 . ooooo 

61 

8 , 33 3/E i 1 3 

1 . 321466 55 

1 . ooooo 

62 

2.64826 0 5 

0 . 000006 1 GO 

0 . ooooo 

83 

1 .8373 E +11 

0. OOOOOE +00 

0 . ooooo 

64 

3 . 9016E+ 05 

0 . 000006+00 

0 . ooooo 

85 

1 .97 51 E+ 07 

0 . OOOOOE + 00 

0 . ooooo 

86 

2. 7477 E + 08 

0. OOOOOE + OO 

o ooono 

87 

5. 3562E + 09 

0 000006 + 00 

0 ooooo 

88 

1 . 27 47 F + 1 5 

0 . 000006 >00 

0 . ooooo 

89 

2 , 2051 E»] 3 

0 . OOOOOE+OO 

0 ooooo 

90 

8 . OOOOE+ 1 2 

0 . OOOOOE >00 

0 . ooooo 

91 

5 . 5750E+1 3 

0 . OOOOOE* 00 

0 . D00D0 

92 

9 . 9901 E + 04 

0.0D0U06+00 

u . ooooo 

93 

1 8894E * l 2 

0. 000006+00 

o . onouo 

94 

1 .80006+12 

0. OOOOOE+OO 

o . onooo 

95 

7 8 000 f ♦ 1 1 

o . ooooof * no 

o . on oou 

96 

9 . 1 062E + 00 

0 . 000006 1 00 

0 . ooooo 

97 

3.2006E + M 

0 . OOOOOE + (10 

0 . ooooo 

98 

3. 3136E+ 1 5 

0 . 000006+00 

0 . ooooo 

99 

4 .8974 E -23 

0 . OOOOOE+OO 

0 ooooo 

100 

1 . 1 564E+ 16 

0 . OOOOOE + 00 

0 . ooooo 

101 

1 .4852620 

0 . OOOOOE+OO 

0 ooooo 

102 

2 .87456 27 

6 . 354906-31 

1 . ooooo 

103 

1 . 7 26 1 E + 04 

0 . OOOOOE + OO 

0 ooooo 

104 

7 . 7920E+11 

0 . OOOOOE* 00 

0 ooooo 

105 

l . 0632E + 07 

0 . OOOOOE + OO 

0 .00000 

106 

4 . 031UL + 1 0 

0.000006+00 

0 . ooooo 

107 

1 . 2000E+ 13 

0. OOOOOE + OO 

o onouo 

1 08 

l . 8293E + 1 2 

0 . OOOOOE + OO 

0 . ooooo 

109 

6 .2590E + 10 

0 .OOOOOE I 00 

0 ooooo 

no 

9. 42926 + 10 

O.OOOOOE+OI) 

0 .00000 

1 1 1 

1 . 4100E + 1 3 

0. OOOUUE+ 00 

{1 . DO DUO 

] 12 

3. 70001+12 

0 . OOOOOE <00 

0 . oouoo 

1 1 3 

2 . OOOOE + 1 5 

0 . 000006 ■ 00 

0 . ooooo 

114 

1 . OOOOE + 1 3 

0 . 000006+00 

0 ooooo 

115 

2.00006+13 

0 . OOOOOE 100 

0 ooooo 

116 

4.63486+09 

0 . 000006+ 00 

0.00000 

117 

2. OOOOE + 12 

0 . OOOOOE+OO 

0 ooooo 

118 

2.4053F+12 

0 . OOOOOE * 00 

0 ooooo 

119 

3.08986+12 

0 OOOOOE 1 00 

0 . ooooo 

120 

6 . 1356E+ 12 

0 . OOOOOE + OO 

0 . ooooo 

121 

1 . 4542E i 16 

0 . 000006+ 00 

0 . ooooo 

122 

1 . 0401E+14 

0 . 000006+ 00 

0 . ooooo 

123 

2 .9978604 

0 OOOOOE+OO 

0 . ooooo 

124 

4 . 39 07 E - 0 3 

II I 1 U 0 II U l * f J u 

0 ooooo 

1 25 

1 . 3017613 

O.UOQOOL+OO 

o onooo 

126 

4. OOOOE* 12 

0 . 000006 + 00 

0 . 01)00 0 

127 

5.41141-0/ 

0 . 000 0 OL ■ 00 

o unnou 

126 

1 . 06 28 1 +04 

-2 113596-29 

1 . IIUUIIO 

129 

2 . 29 78 E + 04 

0 . 000006 l 00 

o o ii o n n 

1 50 

3 . 20251+08 

0. OOOOOE + OO 

0 . ooooo 

1 31 

1 .14246+03 

0 . OOOOOE + OO 

0 ooooo 

132 

6 75636+16 

0 . 000001+00 

0.00000 
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MI X) UKL 


spec] is 

C3H8 

C2 H5 

CMS 

CHA 

C 3M7 

C2IIA 

H 

H2 

02 

H02 

a 

OH 
H 20 
OH SO 
CM 20 
C2Ht> 
CH2 
C2H3 
C2H2 
IIC II 
C2H2U 
C2H 
CO 

C2H0 

CH 

C02 

H202 

N2 

HCN 

N 

CM 

HMCO 

NCO 

MH2 

NO 

Nli 

NUZ 

M2 0 

HN 02 

HODS 

HIM) 

AR 


TAHLH D.2. — Continued, 
(k) Continued. 


MULLOJIAR HUGH I 29.85917 


135 

2. 2 558 E * 16 

o oouimi » oo 

o n u o o o 

I 3 A 

5 0 0001 * 1 2 

o . onooor mh) 

0 . ooouo 

135 

8 . 8 50 0 C * 1 5 

0 . Oil ODDI < 00 

0.00000 

1 36 

3 60001 » l 3 

0 . 000001 I 00 

0 . ooouo 


JOIAl ENERGY EXCHANGE RATE 5 A2968E1U MASS IRAC1I0N SUM l.OOOOUOOH 

(CAl CM* * J/G* # ?/ SEC ) 


CPU TIME FOR INITIALIZATION OF LSENS ■ 2.010002 S 


** EQUI LIBRIUM CONDITIONS ** 


TIME 0.00Q00E*0Q SEC 


AREA 0 . OOOOGE + OO SO CM 


AXIAL POSITIUN 2.00000E-Q1 CM 


FLOW PROPER 1 IES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(G/CMA AS ) 

I EMPLKATURE 
(DEG K ) 

MASS ROH RATE 
tG/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 


5 . 00000 
0 . 00 

7 . 12A05E-0A 
2205 , 10 
1 . OOOOOE+Ql 
2. 3A50 

u . oaoo 

I . 266 3 


STEPS PROM IASI PRINT 0 

AVERAGE STEP SIZE 0 . OtlOOOE ♦ 00 

METHOD ORDER 0 

TOTAL NUMBER OF STEPS 0 

EUNCf EVALUATIONS 0 

JACOBIAN EVALUATIONS 0 


ENTHALPY 3.60518E+0] 

(CAl /G> 

SP. HEAT (CP) S . 66 532E- 0 1 

(CAl/G/DEG K> 


HEAT LOSS< QDOT/MDOT) - 6.7375E*00 CAl/G 


CNEMTCA L PROPERTIES 


MASS FRACTION 

A . AD962E-09 
2 . 906 1 5E - 09 
1 . 503A7E- 09 
1 . 60A26E-Q9 
A . 30883E-09 
2 80536E-09 
2 521 5SE05 
A . 8978 9 EOS 
1 . 73S53E-06 
3 . 3Q067E-09 
9 . 1 0 A 8 SE-07 
1 . 378 59E DA 
9 86353E02 
3 . 1 0 3 A 1 E 09 

2 . A2160E 08 
3.0069AE-09 
1 . A0268E-U9 
2 . 70A57E-09 
2 . 6 0 3 7 8 E 09 
8 . 92 7 8 A E 08 
A . 2037 3E -09 
2 . 50299E -09 
1 . 166A0E-01 
A . 1 0293E-09 
1 . 30189E-09 
7 86172E-02 

3 . A01A6E09 
6 89273E-0I 
8 . 56052E- 08 
l . A0067E-09 
2 . 60I77E-09 
A . 02 37 IE-08 
A . 20 1 7 IE - 09 

2 I9562E-08 
3. AA26AE 05 
l . 207 16E-08 
A . 60055E- 09 
A . A0126E-09 
A . 701 SA E-09 
6 . 301 28E- 09 

3 . 1 01 A0E-09 
1 . 17370E02 


MOLE FRACTION 

2 . 5780/ E-09 
2 . 57807E 09 
2 . 57 8 07 E 09 
2. 57807E- 09 
2. 57807E-09 
2 . 57807E- 09 
6 . AA928E -0A 
6 . 26A07E 02 
1 . 39666E-06 
2.5/807E-09 

1 - A6 7 1 T F. - 06 
2 . 0 8 9 A A E - 0 A 

1 . A1152E 01 
2 . 57807E09 

2 07920E 08 
2 . 57807E09 
2. 57807E 09 
2. 57807E09 
2. 57807E-09 
7 .9J176E 08 
2 . 57807E -09 
2 . 57807 E 09 
I .07355E-01 
2 . 57807E 09 

2.57807 E-09 
A . 60536E-02 

2 . 57807E09 
6 . 3A337E 01 
8 . 16619E 08 
2 . 57807E 09 
2.57807E09 
2. AUOZE 08 
2 . 57 8 07 E - 09 
3 . 53282E-08 
2.95785E-05 
2.07275E-D8 
2 . 57807E-09 
2 . 57807E-09 

2 . 57807 £- 09 

2 . 57807 E- 09 
2 . 578 07 E-09 
7 . 57A55E 03 


PEC IES PRODUCT ION 

REACTION 

RATE CONST 

NET REACT ION CONV HATE 

NLT RAlfc/POSl- 

<MOLE'CM*K3/SEC) 

NUMBER 

CGS UNITS 

( M0LE*CM*«3/U»l*2/5LC ) 

TIVE OIR RATE 

-1 . 88763E-06 

1 

2 . 6A97E + 07 

3 . 7 1 932E* 00 

1 ooooo 

-1 .6A7 37E-0A 

2 

5.38 36EM1 

-A . 57303E 1 0 

0.11906 

1 . 096 30E-02 

3 

1 . 5369E* 1 1 

2 . 15727E+0A 

1 ooooo 

A . 9A927E-08 

A 

3 . 7 9 5 3E ♦ 08 

-A . 97A62E 05 

0 7 7 1 6 A 

-1 . 09A86E-02 

5 

6 . 3358EU2 

-7 . OA6A7E-02 

0 77165 

1.11 153E-02 

6 

2 , 2 366 E + 08 

-A . 25136 t -09 

0 77820 

1 .6 7 780E-0A 

7 

1 . 309 7 E M 3 

-Z.5I655F OA 

0 . 77165 

-A.6656AE-06 

8 

7 .9688EU2 

-2 . 1 82A 1 E- 02 

077165 

6 . 3A6Z9E-09 

9 

3. AA91E+ 10 

-A .63861 E-OA 

0 9996 0 

2 . 22312E-08 

10 

6 . 3000EH2 

-1 . 26 7 5 5E * 0 1 

0 99960 

7 . 323A 1 E- 0 8 

1 1 

A . 1A61E U 1 

J .60820000 

1 OOOOO 

1 . 367O5E-0A 

12 

1 . 1 0 37 E * 1 3 

-6 . 001280 00 

1 OOOOO 

-8 80070E-07 

13 

1 . AA28EU 3 

2.1 55A6E02 

0.59721 

~1 . 27513E-06 

IA 

1 . 8 8 39E ♦ 1 3 

6 . A 0 2 5 A E 05 

0.59721 

8 . 53875E-07 

15 

3 . 8 96 3E + 1 3 

1 . 88 58/E- 02 

0 59/21 

-3 . 06632E-06 

16 

8 . A6 36E* 13 

3 28232 E *02 

0 99982 

1 . 091 27 E- 06 

17 

6 . 3896 E * l 1 

3.A6Q91E 06 

099981 

-A . 01 556 E- 06 

1 8 

A . 8000EM 3 

1 , 2005AE 01 

0 99982 

A . 70061 E-06 

T9 

2 , OOOOf y 1 5 

1 . A1S2/C 05 

098609 

3. 5A9/9E0/ 

20 

1 . A 6 2 7 E * 1 .5 

- 5 . 16 92 7 ( 02 

0 58 553 

1 . A0355E07 

21 

3. 593UEI 09 

1 . 3927 6 E 02 

099953 

~1 . 1A720E-G7 

22 

3. 6252EJ 12 

A 1 50/ 5E 03 

068553 

6 . 1AA52E-07 

23 

1 . 6 06 5E * 1 2 

1 . 30202E-05 

1 OOOOO 

-2.A3131E-07 

2 A 

2 . 5A99EU2 

1 . A 5 1 06E-05 

l ooooo 

-1 . 35362E-06 

25 

7 . 9870EH2 

A . 5AA82E 05 

0 99992 

-A . 93828E-07 

26 

2 0210EM2 

7 . 8 57 00E+ 00 

0 . 99972 

-7 . 97699E-06 

27 

A . 21 37E0 2 

2.28275E05 

1 . 0 0 0 Cl 0 

-A . 7A891E-09 

28 

6 , 0000 E *12 

1 . 5005AE- 02 

0 99972 

2. 1 77 7 IE-06 

29 

3. 30QGEM3 

1 .87777 t'-OA 

0 99991 

A . 27903E-Q8 

50 

5 . OOOOE + 12 

A 05122E-05 

0.99972 

-2 . 3A320E-06 

31 

3 OOOOEU3 

2 . 99999E-07 

1 . OOOOO 

1 . 53519E-06 

32 

3. 000 Q E * 1 3 

3. OOOOOE -07 

1 . OOOOO 

-1 . 39270E-06 

53 

1 , 0 A32 E * 06 

-5 A27S2E-03 

0 99926 

-9 . 967 1 8E-1 A 

3A 

l 67A6E+1 3 

8 . 3A36AE 05 

0 8755A 

2 . A3727E- 0 5 

35 

3 . 51 18EH3 

- 5 . 7 1 053E - 0 A 

0 7 AO 76 

2 . 57 32 1 E- 09 

36 

1 . 27S2EU2 

- 1 386 1 9E* OU 

0 . 99926 

l . 37 56 3E-0A 

37 

3. 0572EU1 

1 . 67923E OA 

0.67772 

1 . 52331 E-09 

38 

5 . 5506E* 1 3 

1 . 91801E-0A 

0.997 1 3 

-2.55091E-05 

39 

2 . 0000 E * 1 3 

1 61628E 02 

099713 

-1 . 37720E-0A 

AO 

8 . 2 52 3E * 1 1 

A . A7 06 5E-06 

1 .00000 

1 . A7813E-06 

A 1 

1 . 2020E+ 1 2 

6 . 8A023E-06 

1.00000 

0 . OQOOOE+OO 

A2 

1 .OOOOEM 3 

8 . 1 0A65EO3 

1.0 0 0 0 0 


A3 

5 -OOOOE* 13 

1 . 21 OAAE-Ol 

0 9677A 


AA 

3 . OOOOE+ 1 3 

2.69818E-07 

0 . 89939 


A 5 

6 . 3J55EH2 

6 . 0988AE-08 

0 96265 


A 6 

1 OOOOEH 3 

9 , 99999E - 08 

1 OOOOO 


A 7 

2 . 8 00 OE » 1 3 

2.26922E 02 

0 99996 


A& 

3 7821EH2 

- 3. 36226 E- 02 

0 , 9 1 6 A 5 


A9 

5. 1 680EH2 

l .28386E-02 

0 . 99306 


50 

l 206 5EU 5 

-3 . 51554001 

0 . 9 1 6A5 


51 

8 055 3LH2 

-5 . 02823 E-OA 

0 9 l 6 A 5 


52 

2 . 0 0 0 0 U 1 3 

1 . 1 38 1 UC"0 A 

0 99996 


53 

2.2613E+10 

5. 38 A08E-02 

0 6 1 382 


5A 

5 . 000UE* 1 3 

2.836A9E-0A 

099688 


55 

1 . 9 A 7 QE » 1 2 

1 . 05A80E-05 

1 0 0 0 fj 0 


56 

2 . 0 0 0 0 1 ♦ 1 3 

5 . 0 (1 3 1 / [ 02 

) .OOOUO 


5/ 

A , 6 8 7 8 fc ♦ 08 

6 . 12826E- 08 

0 OOOUO 
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TABLE D.2. — Continued, 
(k) Continued. 


58 

2.281 JEM 3 

-2.000791-07 

0 . 000D0 

59 

1 .0057CU3 

-1 .91921E07 

0.00000 

60 

1 .57101*13 

-9.90792E10 

0 . 00000 

61 

1 . 1991EU1 

7.931 32E-09 

0.77165 

62 

1 .9088EM3 

3 . 39997 E- 06 

0.77169 

63 

2 .0000EU3 

~9 .82236E 09 

0 . 99959 

69 

1 .627 3E* 07 

-3.99902E 03 

0 . 98203 

65 

1 .3319EM 1 

-l . 81 995E 02 

0 . 98203 

66 

1 . 01 1 9E ♦ 1 1 

- 3 . 1 96 55E-05 

0.95203 

67 

1 3319EM1 

-5.89629E-05 

0 . 98205 

66 

3.7000EH2 

6 . 60950E-01 

1 00000 

69 

1 .00001*13 

5. 91796 E- 05 

1 . 00000 

70 

9.7959EU2 

2. 59789E-05 

0 . 99989 

71 

1 2199EU 1 

-2.256951-05 

0 .97028 

72 

6 . 1089E* 12 

-1 .61699E01 

0 .97028 

73 

2 . 259 1 E* l 3 

-1 .89111E400 

0 .97028 

79 

5.00001*12 

-1 . 0591 01 -07 

0.67930 

75 

9 . 0000E 4 1 3 

3.99655E-07 

0.99919 

76 

3. 0000E413 

-1 97629E-09 

0 . 02872 

77 

3 . OOOOE 4 1 3 

-2. 06588E-08 

0 .00000 

78 

3 . OOOOE 4 1 3 

-3.98865106 

0 .00000 

79 

2.00001*1 J 

-6 .169971-06 

0 . OOUUO 

80 

8 . 3030EH2 

8 .9921 3E 09 

0 . OOOUO 

81 

9 . 9 1 58 E » 1 9 

-3 . 51 1681 05 

0 00001 

82 

9.69171*07 

-2 . 36950E-09 

0 . 00000 

83 

3 . 3 1 9 1 E * 1 1 

-1.0191)1-02 

0 .00000 

89 

3 . 0699 f 4 1 l 

3.669/01-03 

0.02871 

85 

1 028 8 1 * 12 

2. 39161 E 09 

0 .00000 

86 

9 . 977 5E 4 1 2 

9 . 1 57851-06 

0 . 00000 

87 

1 . 82 l 7 E * 1 3 

2. 22077E-09 

o . ooono 

88 

9.9815CH 3 

3.21879E-03 

0 .02871 

89 

3.9798E41 3 

6 . 50259E 06 

0 .02871 

90 

8 . OOOOE M2 

] .861 59E 09 

0 . 0287 1 

91 

l . 0997 E 4 1 9 

7 . 53993E-0 5 

0 . 0287 1 

92 

2.632/E4 1 1 

-6 .23228E-02 

0 .99399 

93 

9 .9015E412 

1 .76091E-03 

0 99399 

99 

1 8 0 0 0 E 4 1 2 

-1 . 6 5168108 

0 .9/852 

95 

7 . 8000E41 1 

9 91290E-Q9 

0 . 50803 

96 

9 . 9999E412 

1 . 56525E* 01 

0 . 50803 

97 

1 . 1 787E413 

-1 . 9909310} 

0.00000 

98 

1 8393E415 

-8.79791E-03 

0 . 0287 2 

99 

9 . 9363E409 

2 . 50316E-09 

0 .0000 ) 

100 

3 . 2 1 98 E + 1 5 

-6 . 06 7 3 5E - 0 7 

0.00000 

101 

6 .726014 09 

1 . 17659E-09 

0.00000 

102 

1 .6396E + 03 

1 . 8 8 5 3 9 E - 1 1 

0 .00001 

103 

1 . 3088 E4 09 

3.22092E-0J 

1.00000 

109 

1 . 790QE4 1 3 

9 . 281 1 6E * 00 

0 . 98932 

105 

5.555QE4M 

-6 .26697E-03 

0 . 98932 

106 

2 . 1 1 1 3E * 1 1 

-2 .67956E-09 

0 .00000 

107 

1 . 2000E4 1 3 

6 . 76986 E - 0 5 

0.99136 

108 

6. 357 3EM 5 

2 .382001 02 

0 . 96? 3 1 

109 

1 . 28 23E < 13 

3 . 029891* 00 

0.97089 

no 

1 , 93731*1 3 

- 1 .96 3901 0 7 

0.00000 

1) l 

2.59711*13 

6 . 37923E 05 

0.96251 

112 

3. 7OO0L* 12 

3.055691-01 

0.96251 

113 

2.0000EU3 

1 . 10996 E- 09 

0 .97089 

119 

1 . 00001*13 

9 . 9 7 097 E- 08 

0.99710 

115 

2 . OOOOE * 1 3 

9.85 729E - 02 

0 .97 089 

116 

1 .65561 > 1 2 

1.899991 09 

1 OOOUO 

117 

2.00001*1 2 

2.29962L 09 

1 . UUUUI] 

118 

1 .9875EM3 

9.35028b 02 

0 99882 

119 

2 . 5509 E * 1 2 

-2 . 790511-03 

0.91257 

120 

8.72831*12 

9 . 59522E 05 

0.91 508 

121 

7 . 5235E * 1 5 

-1 . 923681 01 

0 91508 

122 

2.98111*19 

5.67999E-01 

0 91506 

123 

2.65321* 09 

3 917681 02 

0 99682 

129 

6 6525E* 08 

1 . 9999 1 E- 05 

0 99582 

125 

9 .9899E* 06 

3,1 3559E-03 

0 99882 

126 

9.00001*)? 

3 . 38 36 91 08 

0 89592 

127 

1 . 0997U09 

1 .23/911 OS 

0 . 2256 5 

126 

1 . 6 7 0 7 E * J 1 

-2. 7/0631-07 

0.22565 

1 29 

1.58771*11 

2.6329/E- 0/ 

0.22565 

130 

2.91921 *12 

-1 . 7635 3C -03 

0 .22 56 5 

I il 

3.20621*10 

8 . 596911-03 

0 . 52316 

132 

7.19071*15 

-2.713591*02 

1 OOOOU 

133 

8.25921*15 

- 5 . 025 38 E * 0 1 

0 95950 

139 

5.00001*12 

1 .736111 02 

0581 29 

1 35 

6.19291*15 

2.859591*00 

0 58129 

136 

3.60001*1 3 

-9 . 0997 6 1- 02 

0. 58129 


MIXTURE MOLECULAR WEIGHT 25.78071 


TOTAL ENERGY EXCHANGE RATE 
(CAl-CMX* J/C*»Z/SEC> 


5.63995E*08 


MASS TRACI ION SUM 1.0000002/ 


COMPUTATIONAL WORK REQUIRED FOR EQUILIBRIUM CALCULATION. 
HO. OT ITEHAT10US - 19 CPU TIME = 9.0U039/E-02 S 


INITIAL ESTLMATE5 (SIGMAS) AT TEMPERATURE 


2205.10 X. 


C3M8 

1 . OOOOUE-1 0 

C2H5 

1 . 00000E-1 0 

CHS 

1 . OOOOOE-IO 

CH9 

1 . OOOOOE-1 0 

C.SH7 

1 . OOOOOE-1 0 

C2M9 

1 . 000001-1 0 

H 

2.5O159E-05 

H2 

2 92975E 03 

02 

5.91798E-08 

1(02 

1 . OOOOOE-1 0 

0 

5.69073E-05 

OH 

5 . 1 09681-06 

1120 

5.97 51 IE-03 

CM SU 

) . OOOOOE-1 0 

CH?0 

8 . 06999E-1 0 

C2H6 

1 OOOOOE-1 0 

CM2 

1 . 000001-1 0 

C2H5 

1 . 00000E-) 0 
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TABLE D.2. — Continued, 
(k) Continued. 


C2H2 

1 . 00000E-] 0 

HCO 

3.07663E-09 

C2H20 

1 . 00000E-J 0 

C2H 

1 . OOOQOE-IO 

CO 

A. 16416E-03 

C2H0 

1 . 000UUC-1 0 

CM 

1 . 000Q0E-1 0 

CU2 

1 . 78636E- 03 

H202 

1 . OOOOOL-IO 

M2 

2 . 46051 E02 

HCM 

3 . 1 67 56 E - 09 

H 

1 .OOOOOE-IO 

CM 

1 . 00000E-10 

HMCO 

9 . 35203E - 1 0 

rico 

1 . OOOOOE-IO 

MM2 

1 . 3703 A £-09 

MO 

1 . 1473IE-06 

MM 

8 . 03991C- 1 0 

MO 2 

1 00000E-10 

M 2 n 

1 . QQOOOe-lO 

IIII02 

1 00000E-10 

HMD 5 

i . oooooe-io 

HMO 

l OOOOOE-IO 

AK 

2 . 9380/E-Q4 


HEUSIIKRED REACIOR CALCULATION.... L SENS PKOPANE-A I R HELL- STIRRED REACTOR * ROCKET EXP; EMAX-10-4 




I MIT] AL STATE 

FINAL STATE 

FINAL/ INI TI AL RA 

PRESSURE 

ATM 

5.00000 

5.00001 

1 00000 

TEMP. 

DEG K 

614 . 000 

2190 . 9^ 

3 . 56831 

EMI ROPY 

CAL/GM-'K 

3 .72748 

2.33746 

1 . 3531 0 

OEMS I T Y 

GM/CMn«3 

2 . 96325E-03 

7 . 19404E 04 

0.24278 

ENTHAl PY 

CAL/GM 

36 .0515 

29 . 38 51 

0 8 1 5064 

SP HEAT 

(CP) CAL/GIVK 

2 . 9185SE-01 

3.66534E 01 

1 . 25566 

MOL . NT . 

OF MIXT 

29.8592 

25.866V 


GAMMA 


1 .2954 

1 .2652 



SPECIES 

MOLE FRACT 

MASS FRACT 

MOIL FRACT 

MASS FkACf 

C3H8 

5.91318fc-02 

8 . 73262E-02 

1 .01 SO 3E - 0 / 

1 72695E07 

C2H5 

0 . OOOOOE* oo 

0 . OOOOGEtOO 

2.58669E-09 

2. 90615 E -09 

CHS 

o . oooooetoo 

0 . OOOOOE *00 

2.7MJJ5E04 

1 . 58685E 04 

CM4 

0 . 0000nE*Q0 

0 . OOOOOE* 00 

9 .4I262E-04 

5 86249F-04 

C3M7 

0 00000 L : *00 

0 OOOOOE* UO 

2.58669E-09 

4 , 3088 3E 09 

C2M4 

0 . OOOOOE t QO 

0 . OOOOGEtOO 

8 . 8 £ 89 2 E - 06 

9 .64034 E 06 

M 

0 OOOOOEtOG 

0 OOOOOE *00 

7 .91 52 IE -04 

3.084 36 1 05 

M2 

0 . 00000E * 00 

0 . QOOOUE t 00 

5.9C25HE-02 

4.599861. 0 3 

02 

1971 08E01 

2 . 11232E 01 

8.04592E 05 

9,95 324 E 05 

H02 

o . odoooe*oo 

0 . OOOOGEtOO 

7 .6C364E08 

9 . 70239E 08 

U 

0 OOOOOE *00 

0 . 00000 L t DO 

2 . 6 2 396 E - 06 

1 . 6 2299E 0 6 

OH 

0 . 00Q00E*00 

0 . OOOOGEtOO 

2.68915E-U4 

I . 768 1 01 04 

M20 

0 00000E * 00 

0 . OOODOE + OO 

1 .42406E-01 

9 91795E-02 

CM3Q 

0 OOOOOE t 00 

0 . 0 0 0 ODE t 00 

1 . 02 5 8 4 E - 0 7 

1 . 23076E-07 

CM20 

0 . OOOOOFtOO 

0 . OOOOOEtOO 

5 . 7 3 564 E- 06 

6 . 66 1 38 E 06 

C2H6 

o OQooae«Qo 

0 . OOOOOEtOO 

7 . 57872E 07 

8 8 1 OOOE 07 

CM2 

0 0 0 0 0 0 E ♦ Q 0 

0 OOOOOEtOO 

6 . 74352E 06 

3.6 59401 116 

C2M3 

0 . OOOOOt too 

0 . OOOOOEtOO 

2.6V585E0/ 

2 . 8 J 8/ OE 07 

C2M2 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

5 . 91 369E-04 

5 . 9 57 79E 04 

HCO 

0 . OOOOOEtOO 

0 OOOOOEtOO 

1 . 15 555E-07 

1 .296 53E 0/ 

C2M20 

0 .OOOOGEtOO 

0 OOOOOEtOO 

4. 41 6 7 IE 06 

7 . 1 7 7 76 E -06 

C2M 

o oooooEtoa 

0 . OOOOOEtOO 

5.43 48AE- 07 

5 . 25902E 0/ 

CO 

0 OOOOOE* 00 

0 OOOOOEtOO 

I .0336 4 £-01 

1 12470E 01 

C2M0 

0 OOOQQEtOO 

0 . OOOOOEtOO 

8 . 0288/E-07 

1 . 27 352E 06 

CM 

O.OOQOOElOO 

0 OOOOOEtOO 

1 .93 182E 07 

9 . 72290E-08 

CU2 

2 . 82578E-04 

4 . 16200E-04 

4 , 76000E- 02 

8 09863E 02 

11202 

0 OOOOOE « OU 

0 . OOOOOEtOO 

2 . 58669E 09 

3.401461 09 

M2 

7 . 347U5E- 01 

6 . 89289 E - 01 

6 . 36 424 E U l 

6 8 9 2 3 5 L U1 

HCM 

U . OOOOOE • 00 

0 . OOOOOE * 00 

9 . 35685E 06 

9.7/5981: 06 

M 

0 . OOOOOE* 00 

0 OOOOOEl 00 

2.99478E-08 

1 62165E 08 

CM 

0 . OOOOOE *00 

0. OOOOOE too 

2 . 5 8 6 6 9 £ 09 

2 . 6 01 7 7E 09 

HMCO 

0 . OOOOOE* 00 

0 OOOOOE* 00 

2 . 6 1 a 2 1 E- 06 

4 3 51 6 Of: 06 

MCO 

0 . ODOOOE* 00 

0 OOOOOEtOO 

1 . 04 1 6 4 E 08 

1 . 6 9 2 0 0 E 08 

IIH2 

0 . OOOOOE* 00 

0 OOOOOEtOO 

4 . 9 5 ? 0 8 E 06 

3 . 0/051 fc 06 

MO 

0 0 0 0 0 0 C t U 0 

000000 E *00 

8 . 14 46 3 E fl 5 

9 44 79 IF 0 5 

MM 

0 . OOOOOEtUO 

0. OOOOOt *00 

1 . 38 'l /E 0/ 

8 . 0 5 1 8 9 F 0 8 

M02 

0 . oooooE* no 

0 . OOOUOF* 00 

2 . 58;*69E 09 

4 . 6U0 5 5F. 0 9 

M20 

U OOOOOE* 00 

0 000001 t 00 

2 58 >69E 09 

4. 40 1 28 E 09 

HN02 

0 OOOOOE too 

0 OOOOOEtOO 

2 . 58 66 9 E 09 

4 , 70 l 34 L 0 9 

Hill) 3 

0 . OOOOOt 1 00 

0 OOOOOEtOO 

2 58-6 91 09 

6.301281 09 

MHO 

0 OOOOOLtOO 

0 . OOOOOEl 0 0 

2. 21 ' 0 9 E - 0 8 

2 65825E 08 

AR 

8 . 77283E03 

1 . 1 7 37 OE -02 

7 . 59 968 E - 05 

1 . 1 7 37 0E 02 


HEAT LOSSIUDOT/MUOT ) = 6.6668E*00 

CAl/GM 




VOLUME 300.000 

CM**3 MA 

SS FED 

1 0.0000 

GM/SEC 


MDOT/VOLUME = 

0.D3333 RESIDENCE 

TIME = 

21 

5821 MSEC 

HERAT IONS = 


CASE 11 
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TABLE D.2. — Continued, 
(k) Continued. 


HELLST IKRED REACTOR CALCULATION 

1 LSENS 

PROPANE-AIR HELL-STIRRED REACTOR 

♦ ROCKET EXP; EMAX = i 


1 

NIT I A L STATE 

FINAL SlAlt 

MNAL/INI1IAL RA 

PRESSURE 

AIM 

b . ooooo 

5 . 00000 

1 . OOOOO 

ltMP. 

DLl» K 

6 1 A . 000 

21 48 . 67 

3.99997 

E NT ROPY 

CAL/GM/K 

1 .72798 

2 . 35082 

1 . 39926 

DENSITY 

GM'CM** 3 

2.96325E-03 

7.36115E09 

0 29891 

EN THAI PY 

CAI /GM 

36 0 515 

36.0111 

0.998881 

SI’. HEAT 

(CP) CAL/GM/K. 

2. 918 S3 £ 01 

3.66061E-U1 

1 ,25929 

MOL . HT . 

OF MIXT 

29 .8592 

25.9571 


GAMMA 


1 . 2959 

1 .2699 



SPLCI LS 

MOLE FRAU 

MASS FHACT 

MULL IKACt 

MASS [KALI 

C 3118 

5.91318E-02 

8 . 73262E-02 

2 . 31 590E 05 

3.93392t 05 

C?H5 

0 . 000006*00 

0 . OOOOOE* 00 

7 -6999/E-07 

8 . 55872E 07 

CHS 

0 000006*00 

o oaoooEtoo 

1 73760E03 

1 .00699E-QS 

CM9 

0 oooooe*qo 

0 . OOOOOE i 00 

1 . 2 1 288 E - 0 3 

7 .996 1 IE 09 

C 5H7 

0 OOOOOE * 00 

0 . OOOOOE* 00 

2.59571E 09 

9 . 30883E 09 

C2H9 

0 OOOOOE* 00 

0 . OOOOOE * 00 

3 . 0 588 7 E 09 

3. 3Q592E 09 

N 

0 . OOOOOE* 00 

0 , OOOOOE* 00 

9 . 66299 F OS 

l . 8 I053E 09 

112 

0 OOOOOClOO 

0 . OOOOUE* 00 

9 . 7 3 0 5 2 1 02 

3 6736 7E 03 

02 

1 .97108E-0I 

2. 11232E-01 

2 . 19959E 03 

2.70555E-03 

H02 

0 . OOOOOE* 00 

0 . OOOOOE* 00 

3 . 1 5339E-06 

9 . 0097 5E -06 

(1 

0 . OOOOOE* 00 

a . oaoooE* oo 

1 52971E-09 

9 . 398 Q 1 E 05 

OH 

0 . OOOOOE4CO 

0 . OOOOOE* 00 

1 . 9 3 598 E - 0 3 

1 . 26897E-03 

H20 

0 . 00000E*O0 

0 . OOOOOE* 00 

1 . 96089E 01 

1 . 01 388E- 0 1 

CH 50 

0 OOOOOE*OQ 

0 OOOOOE* 00 

8 . 1 3630E07 

9 . 72770E 07 

CII20 

0 OOOOOE *00 

0 . OOOOOE* 00 

6 . 7 1907E 05 

7 . 7 7 2 37 E 05 

C2H6 

0 . OOOOOt *00 

0. OOOOOE *00 

3 . 1 73/6EQ5 

3. 676 56 6- 05 

CH2 

0 . OOOOOE*flO 

0 . OOOODE + OD 

1 . 73602E-09 

9. 38U7E 05 

C2H 3 

0 . OOOOOE * 00 

0 . OOOOOE* 00 

1 . 9 56 9 3E - 0 5 

2.03900E-05 

C2II2 

0 OOOOOE >00 

0 . OOOOOE* 00 

2.66299E-03 

2.67077E-03 

HCU 

0 OOOOOE *00 

0 . OOOOUE* 00 

2 . 8 0 3 1 1 E 06 

3. 1 3369E-06 

C2H2Q 

0 . OOOOOE*QO 

0 . OODQOE*0O 

9 . 99 1 56 E - 0 5 

7 .27903E 05 

C2M 

0 OOOOOE * 00 

0 . OOOOOE* 00 

I .2607 5E 05 

1 . 21 572E -05 

CO 

0 . OOOOOE i 00 

0 . OOOOOE* 00 

9 93922E-02 

1 . 07259E 01 

C2HO 

0 . QOOOOE*OG 

0 . OOOOOE *00 

5 26 326 E 0 5 

8 . 31992E 05 

CH 

0 OOOOOE* 00 

0 OOOOOE* 00 

3. 38 357 E -05 

I 697U9E-05 

C112 

2 82578E-09 

9 . 16200E- 09 

9 . 59 79 56 02 

7.71012E-02 

H202 

0 OOOUOE * U U 

0 . OOOOOE* 0 0 

1 , 98 1 98E 07 

1 . 99 20 1 E 07 

112 

7.39705E 01 

6 89289E-01 

6 . 38598E 01 

6.B9IB7E 01 

hCH 

0. OOOOUE *00 

0 . OOOOOE* 00 

2 . 82088E - 0 5 

2. 93/OUE 05 

N 

0 . OOOOUE* QO 

0 . OOOOOE *00 

3 . 9 38 0 3E - 0 7 

2 . I 250 0 E 07 

CH 

0 . OOOOOE* 00 

0 . OOOOOE* 00 

9.97618E 08 

9 . 99996 E 08 

HUGO 

0 . OOOUOE* 0 U 

0 . OOOOOE* 00 

9 . 02982E-06 

6 .6/960E 06 

tau 

0 . 0000UE*00 

0 . OOOOOE* 00 

1 23855E-07 

2. 00986E 07 

NH2 

0 . OOOUOE <00 

0 OOOOOE *00 

9 75288E- 05 

2 . 9 3 38 0 E 05 

111) 

0 . OOOOUE* DO 

000000 [.*00 

l .077326 09 

1 . 29536E 09 

NH 

0 . OOOOOE*OU 

0 OOOOOE* 00 

5. 6331 OE -07 

3.25890C -0/ 

NU2 

OOGODIlEtUO 

0 OOOOOE *00 

2.59571E09 

9 .6U055C-09 

N20 

0. OOOUOE* 00 

0 . OOOOOE* 00 

3 . 332 39 E - 08 

5.65030E 08 

111102 

0 . OOOOOL+UQ 

0 . OOOOOE* 00 

2. 59 57 IE 0 9 

9 .701 39E 09 

11111)3 

0 . OOOOUE * 00 

0 OOOOOE * 00 

2.59571E-09 

6 . 301 28E-09 

Him 

0 . OOOOOE* 00 

0 . OOOOOE* 00 

1 . 79560E-07 

2 . 19592E 07 

AK 

8 . 7 728 3E - 0 3 

1 . 17370E-02 

7.62638E-03 

1 . 17 3/OE 02 


ML AT LOSS(QDOI/MDOT) * 9.Q396E-02 CAL/GM 

VOLUME 300. QUO CM**3 MASS FLO 1600.00 GM/SEC 

M00T/V0LUME = 5.35333 RESIDENCE TIME = 0.1380 MSEC 


ITERATIONS ^ 


COMPUTATIONAL WORK REQUIRED FOR PSR CALCULATION. 

NO. OF ITERATIONS = 22 CPU TIME = 9.980Q03E*00 S 


** INITIAL CONDITIONS ** 


TIME O.OOOOOE*QO SEC 


AREA 1 . 90000E* 01 SQ CM 


AXIAL POSITION 2.0Q000E-Q1 CM 


FlOU PROPERTIES INTEGRATION INDICATORS 


PRESSURE 

5.00000 

STEPS FROM LAST PRINT 

0 

(ATM) 

VELOCITY 

119398.68 

AVERAGE STEP SUE 

0 .OOOOOE * 00 

(CM/SEC) 
DtNSI TY 

7 . 36119E-Q9 

METHOD ORDER 

0 

u;/c;m**3> 

T tMPERATURE 

2198.67 



(DEG K) 

MASS HOU RATE 

1.600006*03 

TQTAt NUMBER OF SI EPS 

0 

IG/SEC) 

ENTROPY 

2.3308 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K) 
MACH NUMBER 

1 . 2263 

JACOBIAN EVALUATIONS 

0 

GAMMA 

1 . 2699 



LNTHALPY 

3.601116*01 



(CAl/G) 

SP. HLAT (CP) 

3.66061E-01 




(CAL/G/DEG K) 



TABLE D.2. — Continued, 
(k) Continued. 


SPECIES 

C 5MB 

C2N5 

015 

CH4 

C5H 7 

C2H4 

H 

112 

02 

H02 

0 

OH 

H20 

CH 50 

CH20 

C2N6 

CM2 

C2M5 

C2M2 

HCO 

C2M20 

C2M 

CO 

C2H0 

CH 

C02 

M202 

M2 

HCU 

N 

CM 

HMCO 

NCO 

MM2 

MO 

MH 

MO 2 

M20 

MM02 

MMO 5 

MHO 

AM 


CHAMBER PRESS = 73.5 PSIA 


THROAT AREA - 2.325Q0E+U0 SQ HI 


ISP » 1144.0 

CSTAR = 


METERS/SEC = 116.7 LB-SEC/LB IVAC * 
1558.7 FT/SEC THRUST COEFF = 


1745 6 METERS/SEC 
2.4075 AREA RATIO 


1/8.0 Lb-SEC/lb 
1.267 


MEAT L OSS ( QDDT/MDQT ) = 4.0346E-Q2 CAL/CG-CM) 


CHEMICAL PROPERTIES 


MASS FRACTION 

MOLE FRACTION 

3.93342E-05 

2 . 31540E-05 

5 . 55872E-07 

7 .64447E 07 

1 . 00644E-03 

1 .73760E03 

7 .496 1 1E- 04 

1 . 21288E-0S 

4. 30883E-09 

2 . 59571E-09 

3. 30592E04 

3 . 0 5887 E- 04 

1 .81055E-04 

4 . 66244E-03 

3.67 36 7E-03 

4 . 7 3052E-Q2 

2.70533EQ3 

2. 19454E-03 

4. 00975E-06 

3. 15334E-06 

9 . 398 0 1 E- 0 5 

1 . 524 7 1 E~ 04 

1 . 26847 E- 03 

1 .93598E-03 

l .01 388E-01 

1 .46084E-01 

9 . 72770E-07 

6 . 1 363QE-Q7 

7 . 77257E 05 

6 .71907E-05 

3.6 76 56E-05 

3 . 1 7376E-05 

9 . 3811 7E-05 

1 . 73602E-Q4 

2. 03900E-05 

1 . 95693E-05 

2.67077E-03 

2.66249E-03 

3. 13369E-06 

2 . 8031 1 E-06 

7 . 27403E-05 

4 .491 56 £-05 

1 . 21 572E-05 

1 . 26 075E-05 

1 . 07254E-01 

9.93922E-02 

8.31 942E-05 

5 . 26 326E-05 

1 69704E-05 

3. 38357E 05 

7 71012E-02 

4.54745E 02 

1 . 9420 1 E- 0 7 

l . 48 198E-Q7 

6 . 89187E-0 1 

6 . 38598E-01 

2. 93700E-05 

2. 82088E05 

2. 1 2500E-07 

3.93803E-07 

9 . 99946E-08 

9.97618E-08 

6 . 6 7 96 0E-06 

4.02982E-06 

2. 00486E-07 

1 . 23855E-07 

2, 93380E05 

4.75288E-05 

1 . 24536E-04 

1 . 07732E-04 

3. 25840E-07 

5.63310E-07 

4 .60055E-09 

2 . 5957 1 E -09 

5.65030E-08 

3. 33234E-08 

4 . 701 34E-09 

2 . 59571E-09 

6 . 301 28E 09 

2 . 5957 1 E09 

2 . 14542E-07 

1 . 79560E-07 

1 . 17370E-02 

7.626 38E-03 


MET SPECIES PRODUCTION REACTION 
RATE (M01E/CM**3/SEC) NUMBER 


- 1 05572E-Q2 1 

1.57005E-Q7 2 

9. 49976 E- 03 3 

2.49208E-04 A 

-9.14273E-03 5 

9.2055BE-03 6 

9 . 59 7 96 E -04 7 

9.71962E-03 8 

-3.47558E02 9 

6.36669E-07 10 

3.12865E05 11 

4.93335E-04 12 

3.001 54E-02 13 

1.6699/E-07 14 

1.38072E-05 15 

6 . 5 1 821 C- 06 16 

3.56721 E-05 17 

4.02397E-06 18 

5.47053E04 19 

5.80057E-07 20 

9 . 22834E-06 21 

2.58966E-06 22 

2.04218E-02 23 

1.08105E-05 24 

6 . 9 5098E-06 25 

9 . 29 308 E -0 3 26 

3.04412E-08 27 

-] .94100E-05 28 

5 . 796 00E-06 29 

8.0921 3£- 08 30 

2 . 0497 1 £-08 31 

8.27995E-07 32 

2.54486E-08 33 

9 . 76560E-06 34 

2.626 32E-06 35 

1 . 1 57 42E- 07 36 

1.16773E-04 37 

6.84688E-09 38 

1.77305E-05 39 

-1.14993E-04 40 

3.68919E-Q8 41 

0 . QQQQQE* 00 42 


43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 


RATE CONST 

NET REACTION CONV RATE 

NET KATfc/POSI- 

CGS UNITS 

< MOL E <CM< * 3/G* *2/SEC ) 

TIVE DIR RATE 

l .6 06 51: * 0 7 

1 .946401*04 

0.99986 

3. 1 8 1 1 E * 1 1 

1 . 89934E ♦ 0 l 

0 .99991 

1 , 2596 E til 

1 ,6891 7E*04 

0.98718 

2 . 2398E+ 08 

-3. 4 3897 E* 04 

0.9884] 

7 . 7621E* 12 

2. 281 5 0 1 » 0 4 

0 .35021 

1 . 59 9 0 E * 08 

-3.71835E*0U 

D ,65479 

1 . 2209LU 3 

1 .470231*03 

0.45876 

7 . 7331E* 12 

9 . 787?3E*G3 

0 . 36 316 

2.9044EUO 

1 4 9 2 1 3 E * 0 2 

0 90775 

6 . 3000E* 12 

2 . 48595E * 02 

0 , 00/90 

3.6558EU1 

4 . 41 5/4E»02 

0 . 99980 

1 . 1152E+13 

6 . 6 0 346 E * 0 3 

0.13214 

1 . 3613EM3 

2.986/9t*03 

0 . 9990 3 

1 . 797 3EU 3 

1 .28977E*02 

0.99917 

3 8149EU 3 

3.47566E*03 

0 99905 

7 . Q28/F* 1 3 

2.58 01 ) E * 04 

0 32554 

4 201 OLH l 

1 . 46 116 2 E * 00 

0 . 94602 

4 8000EM 3 

2 . 526 22E ♦ 02 

0 . 9949 1 

2 . 0000EH3 

8.94556E*03 

0 . 99905 

1 . 37 6 OE t 13 

2. 86697 t* 04 

0.98455 

2.2339E*09 

1 . 00839F *03 

0.99428 

3. 5986EH 2 

3 . 1 1 4 38E ♦ 0 3 

0.98467 

1 .5973EM2 

1 . 400 1 3E* 03 

099/32 

2 . 5327 E * 1 2 

1 , 7 531 2E * 02 

1 . 00000 

7 . 7512E* 12 

5. 358071*02 

0 . 99862 

1 .66831*12 

3.07399E *04 

0.6 54 39 

4 . 2200E ♦ 1 2 

2.689/8E*U2 

1 ,00000 

6 .000UEM2 

8 . 1 027 0E* 02 

0 .99725 

3 . 3000E* 1 3 

1 . 46 1 37 E* 02 

0 . 99999 

5 . 00006*12 

2 . 80 389E * 02 

0 . 99730 

3. 000QE+1 3 

1 . 5D564E*02 

0 9953/ 

3. OOOOE*13 

1 . 09451E* 01 

0 .99634 

5 . 49 38E * 0 5 

-2 . 1 489 1 C * 02 

0.99000 

1 . 5782E* 13 

9 . 508 50E *03 

0 .99995 

3.2945E* 13 

1 .975936*04 

0 . 99544 

1 .2228E* 12 

2 .45186E* 03 

0 . 2621 0 

3.Q536EM 1 

2 . 32732 E *03 

0 99626 

3. 5188E* 13 

1 . 444 03E * 0 5 

0 . 99935 

2 . 0000E i 1 3 

7 19438E * 02 

0 . 99299 

8 . 1296E* 1 1 

1 39 36 5E* 02 

1 , 00000 

1 . 2020E*] 2 

1 . 4 3 1 6 4 E * 0 1 

1 DOUOO 

1 . OOOOE* 1 3 

1 512 32E * 0 5 

1 .00000 

5 . 0 0 0 0 E I 1 3 

1 . 79997 E* 0 4 

0.98842 

3 . OOOOE* 1 3 

4 068 341 * 02 

1 00000 

6. 2600 E *12 

8 48 6 1 4F * 0] 

0 9 9 9 ip 3 

1 .OOOOEU3 

4 , 1 11 461 * U1 

1 00000 

2 . 8 000E * 1 3 

3.613541*03 

0.99997 

3 . 7 1 4 7 f * 1 2 

“1 . 8 2 5 5 4 E * 0 2 

0.27578 

5 0629E* 12 

T . 530421: *03 

0 . 9/254 

1 . 151 7CU3 

-1 . 46 566E *05 

0 . 29021 

7 6782E* 12 

-1 .6926 31. *01 

0 17825 

2. OOOOE* 1 3 

2 . 0 3284L * 02 

1 . 00000 

1 . 5783F* 10 

-1 22768E+03 

0 . 53849 

5 , 0000 E i J 3 

1 . 4 26 44 E * 02 

0 . 9999 5 

1 8651 E* 12 

4 9426 9EK10 

0 . 99998 

2 . 000 0 L * 1 3 

1 1 2605* * 02 

1 00000 

2.88511 108 

2 .4/99 31 101 

0.861 96 

2. 26501 * 1 3 

4 . 3683HE * 0 3 

0.99898 

9.81981*12 

4. 56 lour. -■ Of 

0 , 99896 

1 . 5383E + 1 3 

2 . 3 36941: * 02 

0 . 999 l 0 

1 . 1 371E ♦ 1 1 

1 .967231 * 01 

0 . 9984 0 

1 . 3906 E * 1 3 

) . 002821: *02 

0.99 7 56 

2 , OOOOE* 1 3 

1 61422E* 02 

0 . 99248 

9 . 3984 E * 06 

- 1 . 88849F * 03 

0 98 7 3 3 

1 . 1 2 17 E H 1 

5 4 7 24 9 E * 0 2 

0.40575 

8 5 2 2 9 E i 1 0 

1 6 3 11 7 E * fl 1 

0.48673 

1 121/1*11 

2 558681 * 02 

0,41 7o 0 

5 , 700CJE* 12 

8 449 52 1 * 0 3 

1 . 00000 

100(1111 i ] i 

1 1 0206E l 0 3 

1 00000 

4 . 540/1 t 12 

2 . 567 51 1- 1 II f 

1 , 00 0 00 

1 .021/LH1 

1 .686491 * 0 0 

0 . 42016 

5 .8203E* 12 

9. 93108 E *02 

0 . 34207 

2 . 1 486 E + 1 3 

8 . 48 369E ♦ 0 3 

. 32868 

5 . OOOOE* 1 2 

2.23643E*02 

0.99997 

4 . OOOOE* 1 3 

1 . 789 1 9E * 0 3 

1.00000 

3 .OOOOE* 13 

2 . 69292E* 02 

0 . 9 B 5 1 7 

3 . OOOOE * 1 3 

1 . 900 39E*01 

0 .99863 

3 . OOOOE* 1 3 

2.41 254E ♦ 02 

0.99844 

2 . OOOOE * 1 3 

3 . 87 330E* 02 

0 .99841 

7 56 34E* 12 

2. 48 31 8 E ♦ 04 

0 . 78916 

9 . 1 87 2E * 1 4 

5 . 8 320 1 E * 02 

0.99521 

3 52 54E * 0 7 

1 . 06 3 1 9E* 0 l 

0 931 58 

5 2993E+11 

2.4891 3E* 04 

0.26417 

2.6753EH1 

1 • 2 37 52E * 0 2 

0 . 99442 

9.215BE+11 

3 . 6 1 64 3E* 0 3 

0 . 1 1 a / 0 

4 . 0564 E * 1 2 

5.59004E*04 

0 90702 

1 .6776E*13 

2 . 4472 3E* 04 

0 . 1 3627 

4 . 424 7 E * J 3 

8 . 744] 3E * 02 

0 .90564 

3.9560E* 13 

2. 59288E* 01 

0.91850 

8.0000E*12 

6 . 57821 E* 01 

0.90752 

1 . 04 30E * 1 4 

2 . 25860E* 03 

0 . 99242 

2.26 64EMI 

-2 . 76 1 8 7 E- 0 1 

0 . 00547 

4 . 36 39E * 1 2 

4 . 70124E- 02 

0.02530 

1 . 8000E * 1 2 

2.40442E-0Z 

0.90512 

7 8000E * 1 1 

7 93997E-01 

0.99261 
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TAHLE D.2. — Continued, 
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96 

3.3835E+12 

-1 . )9933E*00 

0 . 00086 

97 

1 . 1 369EU3 

3 . 07909E * 09 

0 .01993 

98 

1 . 8953E 1 1 5 

3 .23997 E » 0 3 

0.92020 

99 

2 . 6 288E * 09 

-3 . 35536E *03 

0 99262 

100 

3. 3099EH5 

9. 8227 3E *01 

0 99350 

101 

3.7836t*09 

-1 . 391 BSE* 0 3 

0 . 99297 

102 

8.29551*02 

-3 . 59256 E- 02 

0 .93005 

103 

1 . 1680E*09 

3.79563E+01 

0 . 99999 

109 

1 . 739 1 E * 1 3 

-2.57872E+01 

0.17513 

105 

9 . 9 322E * 11 

9 . 05306 £-0 l 

0 28759 

106 

2. 0762E* 1 1 

1 . 088 7 6E * 0 1 

0 69699 

107 

1 . 200 DE * 1 3 

2 . 708 56 E- 0 1 

0 99981 

108 

6 . 1328E*13 

9 . 389 31 E* 00 

0.53382 

109 

1 .2150EH 3 

8.66268E*00 

0 08199 

1 10 

1.365 9 E*13 

1 . 80222E * 0 1 

0 09731 

111 

2.5318EH 3 

7 .87019E*00 

0.95665 

112 

3. 7000E+I2 

9 . 1 2932E* 00 

0 . 36695 

113 

2. OOOQE*13 

5.60551E01 

0 99999 

119 

1 .00Q0E+13 

7 . 23902E- 09 

1 00000 

1 1 5 

2. OOOOE+13 

1 . 7 1 1 29E ♦ 0 1 

0.99839 

116 

1 . 5599 E * 1 2 

8 . 93899E* 00 

1 . 00000 

117 

2.0000EM2 

1 . 08202E * 0 1 

1 . 00000 

118 

1 .9509EH 3 

1 .68995E*01 

0.71962 

119 

2 . 3370E+12 

1 . 1 5078E ♦ 00 

D .97662 

120 

8 6972EH2 

-1 . 26995E-02 

0.71312 

121 

7 . 37 99 E * 1 5 

9 . 99607E * 00 

0 .97993 

122 

2 . 9 59 3E * 1 9 

2.98561E*00 

0 67588 

123 

1 . 96 1 9 E *09 

-5.60612E*0l 

0 97958 

1 29 

5 . 0 589E * 08 

-5.20566E*00 

0 . 99769 

125 

3.1 59 3E * 06 

-1 . 6 9 8 9 8 f * 00 

0 78311 

126 

9.00006*12 

6 .018536 06 

0 991/6 

1 27 

7 . 9 1 2 OE ♦ 04 

-9 . 79388E 01 

0.92953 

128 

1 . 9125E* 1 1 

7 .789286-05 

0 07313 

129 

1 . 35356*1 1 

1 . 01038E 03 

0 . 98990 

1 30 

2.20991*12 

9 .65669E 01 

0 . 91 382 

131 

2 , 6 9 9 7 E * 10 

-1 . 1 1662E01 

0 .95787 

132 

7 . 3052E+15 

-2 . 1 22 1 7 E ♦ 02 

0 . 99999 

133 

8 . 3388L * 1 5 

3 . 28 5 30 E * U 1 

0.99855 

1 39 

5 . OOOOCt 12 

6 . 1551 AE* 00 

0 . 990/3 

1 35 

6. 2197E*15 

2. 96 28 9 E * 0 1 

0.18795 

136 

3 .6000E* 13 

1 . 89 0 52E * 0 1 

0 . 99092 


DERIVATIVES (CGS UNITS)* 


-1.612926*03 RHD 


-2.2360IE-DS V 


MIXTURE MULECULAR WEIGHT 


2 5 . V57 1 1 


TOTAL ENERGY EXCHANGE RATE -9.71633E*09 
(CAl-CM*«3/G**2/SEC) 


2 .27 3876*05 

MASS FRACTION SUM 1.00000014 


CPU TIME FOR INITIALIZATION OF L SENS = 0.599998 S 


2.10833E-05 SEC 

AREA 

9 . 50 0 0 OE*0 1 SQ CM 

AXIAL POSITION 

9.000006*00 CM 

.011 PROPERTIES 



INTEGRATION INDICATORS 


PRESSURE 

0.31215 


STEPS FROM LAST PRINT 

16 

(ATM) 

VELOCITY 

205795.31 


AVERAGE STEP SIZE 

0 . 1 3149E* 00 

(CM/SEC) 

DENSITY 

8 . 18530E-05 


METHOD ORDER 

9 

(G/CM*K3 ) 
TEMPERATURE 

1207.99 




( DEG K ) 

MASS PLOW RATE 

1 . 59988E*03 


TOTAL NUMBER UP SIEPS 

158 

(G/SLC) 

ENTROPY 

2.3367 


FUNC ! EVALUATIONS 

205 

(CAL/G/DEG K) 
MACH NUMBER 

2.9058 


JACOBIAN EVALUATIONS 

30 

GAMMA 

1.2975 




tN F MAI PY 

-3.1 3539E* 02 




CCAt/G) 

SP. ML A I (CP) 

3 . 33538E 01 





(CAL/G/DLG K ) 


CHAMBER PRESS 


73 . 5 P S 1 A 


1HK0AT AREA = 2.325006*00 SO IN 


ISP = 2057.5 METEKS/StC = 209 8 LB -SEC/LB 1VAC = 2295.2 METERS/SEC 

CSTAR = 1558.8 F T'StC THRUST COtFF * 9 5309 AREA RATIO = 


229 . 0 l B-SEC/l B 
6 333 


HEAT L OSS< QUO f/ML)l»n - 1.0933t-02 CAl/(li-CM) 


CHEMICAL PRUPERritS 


SPECIES 

HASS TRACTION 

MOLE L RAC TIQN 

Nt 1 SPICIES PRODUC1 ION 
R A 1 E (M0LE/CM*n*3/SEC) 

C 3118 

3. 56859E-07 

2. 1026 7E-Q 7 

3 . 30566E-08 

C2II5 

1 . 56 5 57 E - 05 

1 . 3997UE 05 

3 . 50952E- 06 

015 

1 , 9 56 36 E 09 

2. 51689E 09 

-3. 70288E-05 

019 

6 3D991E 09 

1 0218/E 03 

2 , 29 521 E- 05 

C3H/ 

2.027/0E-11 

1 22271E1 1 

5. 38598E-10 

C2H9 

2.07228E 09 

1 91929E09 

-2 . 31 08 5£ - 06 

H 

9 . 6291 OE -05 

2.53365E 03 

- 1 85952E-09 

HZ 

3.87762E 05 

9 .99803E 02 

8 23327E05 

02 

7 . 11969E 09 

5 . 7 B 1 0 9 E 09 

-9.71503E06 

HD2 

3 . 9 9 9 7 9 E 07 

3. 109I9E 07 

1 . 56 193E08 

0 

9. 2918 9 E 06 

6 . 96 98 1 E - 06 

1 55199E06 

OH 

9 . 5 5 9 5 0 E 05 

6.92/9/E 05 

-2. 3086 9 E~05 

112 1) 

1 . 0 2 8 9 1 E 01 

1 . 98323E 01 

1 . 39377E 05 

Eli 30 

8 . 05791E10 

6 .796286-10 

-5.73168E10 


REAL 1 ION 

RAIE C DNS 1 

111 1 REACH OH CtlNV RAIL 

ML I RAIE/POS1 - 

NUMBER 

CGS UNITS 

(MOL E * C M * * 3/G*<*2/SEC) 

TIVt DIR RATE 

1 

3.89806*00 

-9.937706*00 

D .99992 

2 

9 .85186*10 

3 80296E-03 

0 . 99990 

3 

2. 936 5E* 08 

-7 .657836 02 

0 . 09359 

9 

2 . 359 36*01 

- 6 . 251796* 05 

1 . 0001)0 

5 

8 . 8 39 7 E * 1 1 

2.690156*03 

0.778/7 

6 

5.80326*03 

- 3 .8 7 7 78 E- 02 

0 9998 / 

7 

1 .9368E* 12 

1 . 39998E *01 

0 . 89058 

8 

3.09826*12 

2. 57790L*02 

0 7 9 399 

9 

1 . 59596* 08 

3 . 26 599 E 02 

0 . 98057 

1 0 

6 . 3000E* 12 

-2.37999E*00 

0.01991 

1 1 

7 . 9052E* 09 

6 . 13069E03 

077605 

12 

1 . 9 0 9 3 L * 1 3 

1 . 317996*03 

0 99981 

1 3 

2.31666*12 

1 .019796*03 

0 997 59 

19 

9. 28756*1 2 

5 .173396*00 

0 99469 
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TABLE D.2. — Continued, 
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CH20 

3.36936E-05 

2.91 559E-05 

2. 76605E-06 

15 

2 . 006 36+15 

2.903266*02 

0 99752 

C2H6 

1 .35632E-06 

1 .170256-04 

3 . 8327 ZE-07 

16 

2.9986EU1 

-1 . 79301 6+03 

0 . 26 1 0 Q 

CH2 

7 . 16120E-06 

1 . 322806-05 

-3.229036-06 

17 

2.489QE+11 

2.983116*00 

0 . 99999 

C2H3 

2.66702E-06 

2 . 350836-04 

2.96100E-05 

18 

9 . 80006 + 1 5 

2 . 521516 + 03 

1 00000 

C2H2 

2 . 56 527 E - 0 3 

2. 53987E-03 

-3. 01 3636-05 

19 

2 . 00006 * 1 3 

9.863156*01 

1 00000 

HCO 

2 , 99220E -06 

2.679176-06 

9.73737E-07 

20 

2 .13736*12 

1 . 096S9E + 03 

0.71298 

C2HZ0 

2 . 86666 E -0 5 

1 .77 1896-05 

-2 . 00599E-07 

21 

1 .15206*05 

-3 . 1909 36 09 

0,98955 

C2H 

1 , 6295 1 E' 07 

1 .691 526 07 

-7 .94276E-08 

22 

2.87986+12 

9 .192276*01 

0 .7316 1 

CO 

1 . 080666 01 

1 . 00291 6-0 l 

8.02278E-07 

23 

1 . 39056+12 

2.63897E+01 

0 99957 

C2H0 

2 . 940286- 06 

1 . 86 1 98 E- 06 

-9.13199E-07 

29 

2.06056+12 

9 . 083016+00 

1 . OQOOO 

CH 

6 . 95286E- 07 

9.88464E-07 

-3.69731E-07 

25 

3. 1112E + 12 

6 . 16 3096+ 00 

0 .9997 0 

C02 

7 . 926266-02 

4 . 678 326-02 

1 . 33798 E- 0 5 

26 

9 . 8921 E 109 

-9.8 0229 E + 0 3 

0 . 85323 

H202 

1 .47428E-08 

1.1261 SE-08 

-3 . 47037E-09 

27 

9.91716+12 

8 89198E* 02 

1 .00000 

M2 

6 89186E01 

6 . 39222E- 0 1 

5. 36293E-09 

28 

6 . 000 0 E < 12 

5,293676*03 

1 . QUOOO 

MCN 

2.97705605 

2 86215E-05 

1 . 36 26 1 E-09 

29 

3. 30006*1 3 

8 . 009286 * 01 

] .00000 

M 

9 .666786-08 

l .755726-07 

-6 . 57 1 06E-09 

30 

5. OQOOEi 12 

1 . 206166*02 

1 . 0 U 0 0 u 

CM 

2 . 7 304 06-09 

2.7271 IE-09 

-9.76126E-10 

31 

3.00006*13 

1 . 381896*02 

1 .00000 

HMCO 

2.93575E-06 

1 .772886-06 

-6 . 568 09 E-08 

32 

3. OOOOE + 13 

1 . 767096* 00 

1.00000 

MCO 

6.21 52 1 E-09 

3.893366-09 

-1 . 28310E-09 

33 

1 .8028E- 03 

-5.761056*00 

1 . 0 0 0 0 0 

MH2 

3.1U76E-05 

5.0542QE05 

6 .69983E-08 

39 

2. 5992E* 12 

6 80256 E * 0 1 

1 . OQOUQ 

NO 

1 .25553E 06 

1 08717E04 

9.90552E-09 

35 

9.70516*12 

1 23376E* 02 

0.99998 

MH 

2.85269E07 

9.936 53E-07 

-6 . 13020E-10 

36 

3.90666*11 

-1 .79895E-01 

0.00197 

N02 

1 . 239086- 09 

6 .997946-10 

1 . 50195E-12 

37 

2.9461E* 1 1 

7 .669526*01 

0.99953 

M20 

3. 77522608 

2 .228676 08 

-7.819216-11 

38 

2,67591*1 3 

3.876036*00 

1 .00 000 

HN02 

3. 556616 08 

1 . 96 56 OE - 08 

-1 . 7958UE-10 

39 

2 . 00006 l 1 3 

3.971 3/6-01 

0 . 99996 

UNO J 

1 . 17750613 

9.85525619 

7 .88729E-15 

90 

5. 1505EU1 

8 . 212316-01 

1 . OQOOO 

MNO 

5.78710E-07 

9.89825E07 

-1 . 35309 E-08 

91 

1 .2020E + 12 

2. 3 1 06 7 E -02 

1 . 00 000 

AR 

1 173706-02 

7.633856-03 

0 . OQOOOE+OO 

92 

1 . 0 0 0 0 E * 1 3 

1 .910686+00 

1 .00000 





93 

5.00006 0 5 

3.992756 *02 

0 99962 





99 

3. 00006 i 1 5 

1 . 099536 * 00 

1 .00000 





95 

9 . 59 50 E i 1 2 

l . 58 526 E - 0 l 

1 . 00000 





96 

1 . 00 U 0 6 * 1 3 

5 . 1 35586 02 

1 . 00000 





97 

2 . honor* 1 3 

5. 0907 36*01 

0.9999/ 





98 

2. 1981 L * 12 

3. 596/ IL *00 

0 90811 





99 

2.707/Li 12 

1 .800526*02 

0.99997 





50 

2.6732E* 12 

1 .602666*02 

0 .901 56 





51 

1 .78226*1 2 

3 10136601 

0 .951 51 





52 

2.00006*1 3 

3.6585/6*00 

1 00000 





53 

2.75976*05 

-2. 1201 9E+U2 

0.99997 





59 

5 . (J000E+ 1 3 

8 751856 02 

1 00000 





55 

5. 03796* 1 1 

2 . 9 101 96 09 

0 . 99999 





56 

2 .00006* 1 3 

5.06 38 56 02 

1 00000 





57 

1 . 0908E* 02 

-1 , 12592F * 00 

1 . 00000 





58 

1 8194FU 3 

5.991696*01 

0 999/2 





59 

9 7 396 60 2 

5 . 189691 * 02 

0 . 999/0 





60 

8 . 1 0996* 1 2 

2.9 39 51 6* UO 

0 9998 5 





61 

2 .85056 HO 

3.099156 01 

0.9980 5 





62 

1 . 09296* 1 3 

1.091236*01 

1 00000 





63 

2 , 00006 * 1 3 

2 . 3 1 8 30L * 00 

1 00000 





69 

5 . 1 308 6 01 

2.1 38626*02 

100000 





65 

6.98996+08 

-2.7259/E- 01 

0 29223 





66 

5.28026*08 

9 . 1 3225E 09 

0.30118 





67 

6 . 98996*08 

-5. 75676E 03 

0.26180 





68 

3. 70006* 12 

2 . 5 39996*02 

] n n n n n 





69 

1 . 00006* 1 5 

8 . 96 9 561 * 01) 

J . ii on ii u 





70 

9 . 55266*1 l 

1 . 08 208 L * 01 

1 ooooo 





7 1 

6 . 19926* OB 

7 207396 05 

0 8 589 5 





72 

1 . 98 596 * l 2 

1 9/9996*00 

11.7 3 5/6 





73 

5. 79266 * 1 2 

2 055596*02 

0/16/9 





79 

5.00006*12 

1 . 2959/6*00 

1 00000 





75 

9.00006+13 

1 .036 786* 0 1 

1 OOOOO 





76 

3.00006*13 

6 .8827 36*01 

0.99999 





77 

3.0000E*13 

8.298106-01 

1 . OOOOO 





78 

3. OOOOE + 13 

8. 2977 OE *00 

1 OOOOO 





79 

2.00006*15 

2.011016*02 

1 . OOOOO 





80 

9.90796*11 

1 .929396*03 

0.81631 





81 

9.39616*19 

2 . 91695E+ 00 

1 . OOOOO 





82 

5 83396+03 

9 . 987986-09 

0 99606 





85 

2.79876*11 

2. 298086*03 

0 .79510 





89 

9.06706+09 

1 .877606-01 

1 . OOOOO 





65 

3.22906*10 

2.321126+01 

0.6701 5 





66 

2 . 0329E+ 1 1 

9. 329386+02 

0 .98066 





87 

1 .36296+12 

3. 55927E+02 

0 . 50560 





SB 

3.00196*13 

3. 50218E *01 

0 99997 





89 

3.29586*13 

1 . 057956-01 

0 99999 





90 

8 .00006 + 12 

2.552396*01 

0 .99997 





91 

8 . 5789E+ 1 3 

1 . 00107E + 02 

1 OOOOU 





92 

2. 361 1E + 09 

-8.099126-01 

0 93675 





93 

3. 3612E+12 

3.659896-03 

0 96096 





99 

1.80006+12 

2. 57635E09 

0 99956 





95 

7 .80006 + 11 

3 . 296676-02 

1 OQOOO 





96 

8 . 3359E + 08 

-3.233036-01 

0.92791 





97 

3.73276*12 

1 . 273996+03 

0 06652 





98 

2.21996+15 

6 ,78 7966*0 1 

0 99996 





99 

l .2115E-09 

-9 . 99 1 7 9E * 0 1 

l . 0(1000 





100 

5.8802E* 15 

9 .895656-01 

1 . OOOOO 





101 

9.2503E-09 

-2. 097966+02 

1 OOOOO 





102 

6 . 97836-07 

-1 . 716886-05 

1.00000 





103 

3.65876*07 

3 .909796-02 

0 99976 





109 

6 . 5893E + 12 

1 . 23219 E 01 

0 . 09262 





105 

1 . 52356* 10 

2. 09800E-03 

0 65691 





106 

1 . 29 52 E * 1 1 

2. 70201E-01 

0.73881 





107 

1 . 20 0 0 E * 1 3 

3 . 5/869E- 09 

1 . OOOOO 





108 

2. 0508EU3 

9 . 5 1 3 7 1 E 0 3 

0 .78669 





109 

2.39956*12 

-7 . 557036-02 

0 . 09916 





no 

2.89396*12 

9 . 99988E * 00 

0 5 1 9 36 





111 

2. 1093EH 3 

9 .90565E-02 

0.99587 





112 

3.70006*12 

-2.93813602 

0 06032 





113 

2.0000EH3 

7 . 93595E-09 

1 OOOOO 





119 

] .00006* 1 3 

9 . 995506-06 

1 . OOOOO 





115 

2 . OOOOE + 13 

2.889666-01 

0 99993 





116 

2. 5907E+11 

9 . 09939E- 02 

1 . OOOOO 





117 

2 . DOOOE+ 12 

3. 18365E-01 

1 OOOOO 





118 

7 . 59916+12 

3.79962601 

0.99359 





119 

2 .5997E+ 12 

1 .275286-01 

0.99896 





120 

7 .80056*12 

5. 55963E 05 

0 . 98650 





121 

9 . 11 38 E * 1 5 

3 . 2226 OE 02 

1 . OOOOO 





1 22 

1 .88096*19 

9 937 38 E 01 

0.99976 





123 

1 . 97 52E* 05 

-5 . 533836 01 

0.99985 





129 

3 .991 36+05 

-5 . 992596 02 

1 . OOOOO 
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TABLE D.2. — Continued, 
(k) Concluded. 


125 

2.8432E+00 

-8.22740E-01 

126 

4.0000E+12 

7 .27987E-07 

127 

2 . 3457 E * 04 

-6 .60741E'05 

128 

8 ,4782Et08 

1 .95076E07 

129 

1 . 047 1 E * 09 

2 .40855E-07 

130 

1 . 4031 E * 1 1 

1 . 1 7 363E-02 

131 

1 . 3525Et08 

-3 . 34266 E -0 1 

132 

1 . 46 19Et 1 6 

1 . 17722E06 

133 

1 . 1373EM6 

3 . 07462E- 01 

134 

5 . 00Q0E+ 1 2 

9.09786E400 

135 

6 .9342EU5 

8 . 86939E* 00 

136 

3.6000EU3 

1 .791 02EH 00 


DERIVATIVES (CGS UNITS) 


-8.25079E+01 RHQ 


-1 .95264E-05 V 


5. 76675E*05 


MIXTURE MOLECULAR HEIGHT 


25.98253 TOTAL ENERGY EXCHANGE RATE -2.08273E*09 

<CAL-CM**3/G*«2/SEC ) 


MASS FRACTION SUM 1.00000017 


COMMUTER TIME (CPU ) REQUIRED! 


FOR THIS STEP 


8.799896E-01 S 


UP TO THIS TIME 


1 .016998 1*01 S 


(LSENS) END OF THIS CASE 


SUMMARY 

OF COMPUTATIONAL 

WORK REQUIRED 

FOR PROBLEM 

TOTAL 

NO. 

OF STEPS - 


1 58 

TOTAL 

NO. 

OF DERIVATI 

WE EVALUATIONS 

203 

TOTAL 

NO. 

OF JACOBIAN 

EVALUATIONS - 

30 

TOTAL 

CPU 

TIME - 


10.169983 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


12.259995 S 


(LSENS) 


READ DATA 


FOR NEXT CASE 


.00000 
. 00000 
. 98842 
. 00000 
.99966 
. 00000 
.99998 
. 34903 
. 76920 
.00000 
. 99509 
. OOOOO 
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TABLE D.2. — Continued. 
(1) Case 12 


DISTANCE -AREA VERSION LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LLHIS RESEARCH CENILN 


L SENS HIGH TEMPERATURE AIR IONIZATION 

REACTION REACTION 

NUMBER 


1 

1 *N 

♦ 

1*02 

= 

1 *N0 


2 

IXO 

+ 

1 *112 

* 

1 *N0 

t 

5 

1 *N 

+ 

1*0 

= 

1 *110 

+ 

4 



2X0 

= 

1*02 

♦ 

5 

M 

+ 

1 *N2 

= 

2*N 


6 

1 xNO 

+ 

1X0 

= 

1x1)02 

■+ 

7 

M 


1 *N2Q 

= 

1 MM2 

■+ 

8 

1X0 

+ 

IXN20 

= 

1 *N2 

♦ 

9 

1XN0 + 

+ 

lxE 

= 

1XN 

+ 

10 

1X0 + 

+ 

1XE 

= 

1 XO 

■+ 

11 

1X02 

+ 

1 * E 

= 

1 *02- 

+ 

12 

1X02 

+ 

]»0- 


1*02- 

♦ 


ALL THIRD BODY RATIOS ARE 


M<H20 , 3) = 2.25000 M(N2 , 6) * 1.55000 

M( NO , 10) = 50.00000 M(0 , 10) = 0.03000 


CASE 12 



REACTION RATE 
A 

VAR] ABL ES 
11 

ACTIVATION 

1X0 

6 .40000E + U9 

1 . U 0 IJ u 

ENERGY 
6250 . 00 

I*N 

1 . 80000E + 1 4 

0 . UODO 

76250 . 00 

M 

6 . 40000E+ 16 

-0 . 5000 

0.00 

M 

5. / OOOOE + 1 3 

0 . 0000 

1790.00 


3 . 7 20 00C + 21 

-1 .6000 

225000 . 00 

M 

5 . 62000E+ 1 5 

0 . 0000 

-1160 . 00 

lxo 

6 .92000E+23 

-2 . 5000 

65000 . 00 

U02 

1 .00000E + 14 

0 . 0000 

28020 . 00 

1x0 

1 .4 5000E+21 

-1 . 5000 

0 . 00 

M 

2.00000E+26 

-2. 5000 

0.00 

M 

1 . 52000E+21 

-1 . 0000 

1190.00 

1 HQ 

6 . 00000E+12 

0 . OOUO 

0 .00 


0 EXCEPT 

THE PULL OPTING 



MC 02 
MIN2 

, 10) = 4.50000 

. 11) = 0.00002 

Ml N 

, HI) = 0,03000 


*X INITIAL CONDITIONS xx 

TIME 0. OOOOOE+OO SEC AREA 1.0000QE+03 SQCM AXIAL POSITION O.OOOOOE+OO CM 

FLOW PROPERTIES INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 0 

AVERAGE STEP SIZE 0.00000E+00 

METHOD ORDER 0 

TOTAL NUMBER OP S1EPS 0 

EUNCT EVALUATIONS 0 

JACOBIAN EVALUA1 IONS 0 

ENTHALPY 1.35458E+03 

(CAL ) 

SP. HEAT (CP) 5.21566E-0I 

(CAl/G/DEG K) 

CHEMICAL PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DEflSI TY 
<G/CM»»3 ) 
TEMPERATURE 
( DtG K ) 

MASS PLOW RATE 
CG/SEC) 
ENTROPY 
(CAl/G/DEG K) 
MACH NUMBER 

GAMMA 


1 . 68030 
47002.00 
1 225606-04 
4820. 00 
5. 76Q58E + 03 
2 . 3905 
0 . 3535 
1 .2726 


SPECIES 

CONCENT RATION 
( MOL ES/CMxh 3 ) 

MOLE P RAC I 1 UN 

NET SPECIES PRODUCT 1 OH 
RATE (MOt E/CMxxj/SEC) 

REACTION 

NUMBER 

KAl E CONST 
CGS UNITS 

ME! REAL HON CUNV RAIE 
(MULE-CM**3/GXx2/GEC) 

N 

O.OOOOOE+OO 

0 . OOOOOE+OO 

8 . 55190E-06 

1 

1 .60631 « 1 5 

o o o o u n v + o o 

02 

8 . 90Q48E 07 

2 . 09500E 01 

-2 3I733E02 

2 

6.27951+10 

O.OUUUUL + IJU 

NO 

0 . OOOOOE + 00 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

3 

9 . 2184E+ 14 

O.OOOOOE+OO 

0 

0 . OUOOOE + OQ 

0 . OOOOOE+OO 

4 33027 E- 02 

4 

6.8713E+13 

- 1 . 34U05E + 06 

N 2 

3. 35839E-06 

7 . 90500E-01 

-3.04911E-Q3 

5 

2.9899E+05 

2 . 8399BE + 02 

NO 2 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

6 

6 . 34 36 E + 1 5 

0 . OOOOOE+ DO 

N20 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

3 . 04484E-03 

7 

4 . 8444E + 1 1 

O.OOOOOE+OO 

110 + 

o . ooaooE + oo 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

8 

5. 3643E + 12 

2 . 02705E + 05 

E 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

4 38522E07 

9 

4 . 3331E+ 1 5 

O.OOOOOt+OO 

f) + 

0 . 0U000E + 00 

0 OOOOOE+OO 

0 OOOOOE+OO 

1 0 

1 . 2400E+17 

0 . OOQOOE+ 00 

02- 

4 . 24844 E - 1 5 

1 . DOOOOE -09 

-4 . 38522E-07 

1 1 

2. 7851E + 17 

-2 91 9 38 E + 0 l 

0- 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE + OO 

12 

6 . OOOOE ♦ 1 2 

O.OOOOOE+OO 

ULKiVAI IVES (CGS UNITS) . 

T -1 

44460E+U3 RHO 

2.89845E- 

- U 5 V 

-1 . ill 5CE +04 

MIXTURE 

MUIECUIAK WEIGHT 

28 . 84834 

TOTAl ENERGY EXCHANGE RATE 1.7 

(CAL CM**3/G*X2/SEC > 

M 700E+ 11 

MASS 1'KALMON SUM 


HE I HAIE/POSI - 
TIVt DIR NATE 
0 . UIJOIJO 
0.00000 
0 .ooouo 
1.00000 
1.00000 
0 0 0 0 II 0 

0 . ooouo 
1 . ooouo 

0 ooouo 

0 . oouoo 

1 0OQ0Q 

0 . ooouo 


1 00000000 


SPECIES MOLE NUMBERS (MOLE 5PECIES I/G MIXTURE) AND DERIVATIVES (CGS EMITS. MULE SPECILS Uli MJXTUKL/S UK Lll) 


SPECIES SIGMA! I) DSIGMA( 1 J/DIVAR 

N O.OOOOOE+OO 014811E05 
D O.OOOOOE+OO 0.75171E-02 
UZO 0 . 00000E + OD 0.52856E-03 
0+ O.OOOOOE+OO O.OOOOOE+OO 


SPECIES SIGMA(I) US I UMA< I ) / D 1 V AR 

02 0.72621E-02 -0.402WI 02 

M2 0 , 27 4 02E- 0 l -0.529: IE-03 

NO + O.OOOOOE + OO 0. 0 001 OC * 00 

02- 0 . 34664E- 1 0 -0.76H5E-07 


SPECIES SIGMA(I) DSIGMA! I )/DlVAK 

NO 0 . OOOOOL+OO 0 UllOOUL + OO 

N02 O.OOOOOE+OO Q.UUOOOElOO 

E O.OOOOOE+OO 0.76125E 0/ 

0- O.OOOOOE+OO O.OOOOOE+OO 
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TABLE D.2. — Continued. 
(1) Continued. 


OMEGA ( I , J ) RATE OF PRODUCTION Of SPECIES I BY REACTION J < MOL E SPECIES I/CC/S) 


SPECIES 

1 

9 

2 

10 

3 

n 

REACTION 

5 5 

12 

6 

7 

8 

N 

0. OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 .OOOOOE+OO 

0 . OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0. OOOOOE+OO 

0 853I9E 05 

0. OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

02 

0 . OOOOOE + 00 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 .OOOOOE+OO 
0 .93852E-06 

-0 .20129E-01 
0 . OOOOOE+OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

-0 30998E-02 

NO 

0. OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . 00000E+ 00 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 

0. OOOOOE+OO 
0 .OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE + 00 

0 , OOOOOE+OO 
0 . OOOOOE+ 00 

0 90258E 01 
0 . OOOOOE+OO 

0. OOOOUE+ 00 

0. OOOOOE + OO 

0 . OOOOOE+OO 

0 . 30998t 02 

M2 

0, OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 . 0 0 0 0 0E+ 00 
0 . OOOOOE+OO 

0. OOOOOE+OO 
0 . OOOOOE+OO 

- 0 . 926 59 E- 0 5 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

-0 . 30998E-02 

N02 

0 . OOOOOE+OO 
0. OOOOOfc+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0. OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

H20 

0 . OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 .OOOOOE+OO 
0 . OOOOOE+OO 

0 . 00000E+ 00 
0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+ 00 

0. OOOOOE +00 

0 . 30998E-02 

NO f 

0. OOOOOE+OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 OOOOOE+OO 

0 . OOOOOE + OO 
0 . 00000E+ 00 

0. OOOOOE+OO 

Q.OOQOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

E 

0 . OUOOOE+ 00 
0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 . 93852E-06 

0 . 00000E+ 00 
0 . OOOOOE + OO 

0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

Of 

O.UUUOIIE+OO 

Q.OOUOOE+OO 

0 . OOOOOE+OO 
0 OOOOOE+OO 

0 . OOOOOE tOO 
0 OOOOOE+OO 

0 . OOOOUE+ DO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOQOUb+OO 

0 . OOOOOE+ 00 

U , OOOOOE + 00 

02- 

0 . UQUOOE + 00 
Q.OOUUOElOO 

0 . OOOODE+ 00 
0 .OOOOOE+OO 

0, OOOOOE+OO 
-0 . 93852E 06 

0 . OOOODE+ 00 
a . oooooe+ oo 

0 . OOOOOE+OO 

0 . OOOOOE+ 00 

0 . 0U0U0E+ 00 

0 . OQOUQE + OO 

o- 

U . OOOOUE+ UU 
0 . OOOOUf too 

0 . ODOOQE+ 00 
0 .OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE + OO 

0 . OOOOOE+ 00 
0 . OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+ 00 

0 . OOOOOE+OO 

0 . OOOOOt + UU 


CPU TIME FOR INI MALIZATIDN OF LSEIIS = 0.99999? S 


TIME 1.599B9E OS SLC AREA l.OOOOOEtOS SO CM AXIAL POSH ION 7.00000b' 01 CM 


FLOH PKOPERTItS INIEGKAIIUfl INDICATORS 

(PRESSURE 1.70909 

( ATM) 

VELOCITY 91996.99 

(CM/SEC) 

DENSITY 1.37332E-05 

( G/f.I lK * 3 ) 

TEMPERATURE 9258.68 

(DEG K ) 

MASS H OH RATE 5. /6058E+05 

(G/SEC) 

ENTROPY 2.9165 

(CAL/G/DEG K) 

MACH NUMBER 0. 5292 

GAMMA 1.2875 

EM THAI PY 1 . 3599 5E ♦ 0 5 

( C A I /G> 

SP. Ml A I (CP) 3.18551E-01 

(CAl/G/DLG K ) 


CHEMICAL PROPERTIES 


SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION 
( MOl f S^CM * * 5 ) RATE ( MOl E/CM* * 5/ SEC ) NUMBER 

M 1,995591 09 2. 99 l 59 E 09 2.90895E 05 1 

U2 6 . 72505 EO? 1 36862C 01 -9.27790E-03 2 

NO 3 99095E-07 7.00273E 02 ] 08092E-02 3 

(1 3 . 05299 E 0 7 6 21318E 02 7.75799E-03 9 

N2 3.590WF 1)6 7.30639L 01 - 5.37990E-03 5 

N02 1 . 1 3223E- 1 1 2.30921E06 515569E-07 6 

N?0 2.06908E-10 9.2I081E-Q5 1.2966IE-05 7 

NO f 1 . 59269E- 1 2 3.13959E 07 1.06516E-07 8 

E 1.53695E 12 3.126861 0/ 1.05370E-07 9 

Of 2 . 7 9 1 1 9 E - 1 8 5.5786 3E 1 5 8.09637E-19 10 

02- 3.9/939E-15 7. 08089010 2.93515E-10 11 

0- 7.51715C-15 1.52983E 09 9.Q2392E-10 12 

DERIVATIVES (CG3 UNIT S > . T 3 73835E+Q2 RHO 1 10772E-05 V 5.58395EI05 

MIXIURE MUIECULAR HEIGHT 27.99853 TUlAl ENERGY EXCHANGE RATE 3.689U8E+10 MASS TRACTION SUM 1.00000002 

(CAL -CM**3/G**2/SEC) 


KA I E CONST NE I 

CG3 UNITS (MOl 

1 .291 71. l 1 5 

2 1075E HO 
9 8 302E » 19 
7 0997E i 1 3 

1 . 9659T i 09 
6 9998 E f 1 5 

2 6 3 38 E i 1 1 
3. 5919CH2 
5.2599E+1S 
1 . 7098E+17 
3. 1 1 35EH7 
6 . OOOOCt 12 


EAC I ION CONV RATE 
*CM*A 3/G* ■ 2/ SEC ) 

2 .9S986L + 05 
2 85929E ( 05 
6 . 7 58 7 3E ♦ 0 3 
-1 .8968 7E l 05 
1 . 3 5 2 9 2 E Mil 
2 . 7 3369E I 01 
1 . 59291009 
-1 . 32566 E i 09 
-5.6977]E»UU 
A . 266 381 06 
6 . 07560C 1)2 
-9 . 78993E 02 


NET RATE/POSI- 
TIVE DIR RATE 
0 99160 
0 .23595 
0 98355 
0 99082 
0.98/ 39 
0 00011 
0 98071 
0 . 52 590 
0 89552 
0 99979 
0 . 00269 
0 . 02889 


STEPS FROM LAST PRINT 9 

AVERAGE STEP SIZE 0.50398E01 

METHOD ORDER 9 

TOTAL NUMBER OF STEPS 57 

FUMCT EVALUATIONS 73 

JACOBIAN EVALUATIONS 19 


SPECIES MULE NUMBERS (MOLE SPECIES 


SPECIES SI GITA ( I ) DS1GMA( 1 )/DIVAR 

N 0 . 10 52 5E -09 U.9I818L-U5 

0 0 7223IE-02 G.13566E-02 

N20 0.15066E 05 0 22508E 05 

in o 199601 1 5 n.i.mnr-u 


I/U MIXTURE) AND DERIVATIVES (CGS UNITS. 


•PECIES 

SIGMA ( I ) 

US 1 GMA( 1 )/Dl VAR 

U2 

0.98969E-02 

-0 . 161U5E 02 

M2 

0.26192E-01 

-0 . 9 3392E - 0 3 

NO* 

0 1 1Z33E07 

0.18590C 07 

02- 

0 . 2533511 0 

0.9227 3E 10 


SPECIES KG MIXTURE'S OH CM) 


SPECIES SIGMA(I) USIGMA( 1 )/UIVAR 

NO 0 25056E 02 0.1B769E-U2 
N02 0.82995E 07 0.89999E-07 
F 0.11188C 07 0 18292E 07 
IT- 0.557 371: 1 0 0.1 5669r-09 
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TABLE D.2. — Continued. 
(1) Continued. 


OMEGA( I , J ) RATE OF PRODUCTION OF SPECIES I BY REACTION J (MOLE SPECIES I/CC/S) 


SPECIES 

9 

2 

10 

M 

-0 . 55446 E 02 
-0 . 10652E-06 

0 . 53926E 02 
0 . OOOOOE+OO 

02 

-0 55446E0? 
0 . OOOOOEi 00 

0 . OOOOOE+OO 
0 . OOOOOE+ 00 

NO 

0 . 55446E-02 
0 . OOOOOE+OO 

0 . 53926 E ' 02 
0 . OOOOOE + OO 

0 

0 . 55446 E- 02 
-0 . 10652E-06 

-0 . 53926 E - 02 
-0 .80464E-13 

N2 

0. OOOOOE+ 00 

o . oooooe + oo 

-0 . 53926E02 
0 . OOOOOE * 00 

N02 

0 . 00000E + 00 
0 . OOOUDC+OO 

0 . OOOOOE* 00 
0 . OOOOOE + OO 

N20 

0. OOOOOE+OO 
0 .OOOOOE + OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

ND + 

0 . OOOOOE + OO 
0 . 10652E-06 

0 . OOOOOE + OO 
0. OOOOOE+OO 

E 

0 .OOOOOE + OO 
0 . 1 0652E-D6 

0 . OOOOOE+OO 
0 .8D464C 13 

OF 

0 . OOOOOE+OO 
0 . OOOOOE+ DO 

0 . OOOOOE+OO 
0.80464E-13 

02- 

0. OOOOOE + OO 
0 . OOOOOE + OO 

0 . OOOOOE+OO 
0 . OOOOOE + OO 

0- 

0 . 0 0 0 0 0 E * DO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
o , ooooor +oo 


REACTION 


3 

1 1 

4 

12 

5 

0 . 1 2747E- 0 3 
0 . OOOOOE + OO 

0 . OOOOOE+OO 
0 . OOOOOE + OO 

0. i 1 032E - 06 

0 . OOOOOE ♦ 00 
-0 . 1 I459E-08 

-0 . 34532E-02 
0 .90234E-09 

0. SOOOOE+OO 

-0 . 12747E-03 
0. OOOOOE+OO 

0 . OOOOOE + OO 
0 . OOOOOE + OO 

O.UOOOOE+OO 

0 . 12747E-03 
0 . OOOOOE+OO 

0 .69664E-02 
-0 90234E-09 

O.'IOOOOE+OO 

0 OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

-0.255I6E06 

0 . OOOOOE+ 00 
0 . OOOOOE+OO 

0. OOOOOE+OO 
0 . OOOOOE + OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 
0 . OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 

0. OOOOOE+OO 
-0 . 1 1459E-08 

0 . OOOOOE + OO 
0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
0 .OOOOOE+OO 

0 . OOOOOE+OO 

0 .OOOOOE+OO 
0.11459E-08 

0 . OOOOOE+OO 
-0 . 90234E-09 

0. OOOOOE+OO 

0 . OOOOOE+ DO 
0 OOOOOE+OO 

0 . OOOOOE+OO 
0 .90234E-09 

0 . OOOOOE+OO 


6 

7 

8 

0 . OOOOOE + OO 

o . ooonoE+oo 

0 . OOOOOE + OO 

0 . OOOOOE + OO 

0 . 00000F+ 00 

-0 2 4 9 6 4 E - 0 3 

-0. 51556E-06 

0 . OUOOOE + OO 

0. OOOOOE+OO 

-0. 51556E-06 

0 . 2626 1 E- 03 

0.24964E-0J 

0 . OOOOOE+OO 

0 . 2626 IE-03 

-0 . 24964E-05 

0. 51556E-06 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

-0 .26261E-03 

0 . 24964E-03 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+00 

0. OOOOOE+OO 

0 OOOOOE+OO 

0, OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE+OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0 . 00000 F. + 00 

0 . OOOOOE+OO 

0 OOOOOE+OO 


COMPUTER TIME (CPU) REQUIRED* FOR THIS STEP - 3.999329E-02 S UP T( THIS TIME - 3.999939E-01 S 


SPECIES 


N 


02 


NO 


0 


N2 


NO 2 


( 1 ) 


1 

-5. S45E-Q3 

1 

-5 . 545E-03 
1 

5.545E-Q3 

4 

6 . 966E-03 

2 

-5. 393E-G3 
6 

5. 156E-07 


TIME I . 5948 9 £-05 SEC AXIAL POSITION 7 . OQQQQE - 0 l CM 

REACTION IMPORTANCE FOR SPECIES FORMATION AND RATES 

REACTION NUMBER (J) 

OMEGA ( I , J ) RATE OF PRODUCTION OF SPECIES I BY REACTION J < MOL E/CM** 3/S) 


2 

3 

5 

9 





5. 393E-03 

I .275E-04 

5. 103E-07 

-1 . 065E-07 





4 

8 

11 

12 





3.4836-03 

-2.496E-04 

-1 . 146E-09 

9 .023E-10 





2 

3 

6 






5. 393E-03 

-I.275E-04 

-5.156E-07 






1 

2 

7 

8 

3 

6 

9 

12 

5 . 545E-Q3 

-5 . 393E-03 

2 . 6 266-04 

2.496E-04 

1 .2756- ,4 

-5 . 156E-07 

-1 . 065E-07 

-9 . 023E-10 

7 

8 

5 






2 626E-04 

-2.496E-04 

-2. 5526-07 







1 0 


-8 . II 4 6 E * I 4 
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TABLE D.2. — Continued. 
(1) Concluded. 


N20 


rnn 


E 


Ot 


02 - 


0- 


7 

-2.626 E-04 
9 

1 .065E-07 
9 

1 . 065E-07 
10 

8 . 046 E- 1 4 
1 1 

1 . 146E-09 
12 

9.Q23E-1Q 


8 

2.496E-Q4 


11 

-1 . 146E-09 


12 

-9 . 023E-10 


1 0 

8 .046E-14 


( l SENS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 

TOTAL NO. OF STEPS - 57 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 73 

TOTAL NO. OF JACOBIAN EVALUATIONS - 14 

TOTAL CPU TIME - 0.399994 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED » 


1 .910004 S 


( L SENS > 


READ DATA FOR NEXT CASE 



TABLE D.2. — Continued, 
(m) Case 13 


XX DATA LINES XX 

1 2 3 A 5 6 7 8 

CC 123456789012345678901234567890123456789012345678901 234567890] 2345678901234567890 


L SENS 

HIGH PRESSURE HYDROGEN - 

CARBON MONOXIDE 

REACTION 


CASE 1 3 

NEH 








CH3 

♦ 

OH * CH 3 0 

+ 

H 

6 . 3EM 2 

0 . 

0 . 

M 

♦ 

CH30 = CH20 

4 

H 

5. OEM 3 

0 . 

21000 . 

CH30 

♦ 

H = CH20 

4 

H2 

2 . OEM 3 

0 . 

0 . 

CH3 

+ 

HCO - CH4 

*■ 

CO 

3 . 0 E M 1 

. 5 

0 . 

CHS 

♦ 

H02 = CH 30 

4 

OH 

2 OEM 3 

0. 

0 . 

M 


CH4 = CM3 

♦ 

H 

2 . OEt 17 

0. 

88000 . 

H 

4 

CH4 = CM3 

+ 

H2 

1 26EM4 

0. 

11900. 

OH 

4 

CH4 = CH3 

4 

H20 

2 5EM3 

0. 

5010 . 

CH20 

+ 

M = HCO 

4 

H2 

2. 5EM3 

0 . 

3990 . 

CH20 

+ 

OH = HCO 

4 

H20 

3. OEMS 

0. 

1200 . 

M 

+ 

CH20 = H 

4 

HCO 

5. 0EM6 

0. 

81000 . 

HCO 

+ 

H = CO 

4 

H2 

2. OEMS 

0 . 

0 . 

HCO 

+ 

OH = CO 

4 

H20 

3 . 0E+ 1 3 

0 . 

0 . 

M 

+ 

HCO = H 

+ 

CO 

2 . 9EM 4 

0 . 

155/0. 

CO 

♦ 

OH = C02 

4 

H 

4. 1 7 EM l 

0 . 0 

1 000 . 

CO 

♦ 

H02 = C02 

+ 

UH 

5.75EM3 

0 . 

22930 , 

H 

4 

M02 - 2 . OOH 



1 . 34E M 4 

0 . 

10/0 . 

M2 

4 

HQ2 = H202 

4 

H 

7 .91EM3 

0 . 

25000 . 

OH 

4 

H202 = H20 

+ 

H02 

6 .1E412 

0 . 

1450. 

M 

4 

H202 =2. OOH 



1 .44E417 

0 . 

45510 . 

THIRDBODY 







H2 

2 

30 H202 6.6 


H20 

6.0 END 


H2 

4 

OH = H20 

4 

H 

4.74EM3 

0 . 

6 0 9 8 . 

M 

4 

H20 = H 

* 

OH 

l . 30 E M 5 

0. 

L051 40 . 

1 HIRDBODY 







H2 

4 . 

00 C02 4.0 


H20 

20.0 END 


M 

4 

H2 - H 

4 

H 

2.2E414 

0 . 

96000 . 

THIRDBODY 







H2 

4. 

10 H20 15.0 


END 






- 

BLANK LINE - 




END 








TIME 








8prob 

prir>t = 

1.0,1 .E+6, 1 .E + 8, 1 .E49 

, combus 1 . true . , 




rhocon- . tru». , tcon-.trua., iend 





4s tar t 

t=100Q 0, pMOO.Q, Send 






H2 

0 . 99 







CO 

0 .01 







END 








4so I ver 

emax 

-1.0E-3, atolsp=l.QE~ 

12, 

Sand 





FINIS 


xx EQUILIBRIUM CALCULATION *x 


THERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNED TEMPERATURE AMO DENSITY 


INITIAL STATE 


FINAL STATE 


UMAL/INIUAL RAI1U 


PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
<G/CM«x3 ) 
TEMPERATURE 
(DEG K) 
ENTHALPY 
(CAL/G) 

INTERNAL ENERGY 
(CAL/G) 

SP . HEAT (CP) 
(CAL/Q/UEG K ) 
ENTROPY 
(CAl/G/DIG K) 
MACH NUMBER 


100 . 0000 
0 . 00 

2. 77341E-G3 
LOGO . GO 
2057 . 01343 
1183 . 82056 
3. 17527 
1 5 . 544 3 
0.0000 


98 . 0001 
0 . 00 

2.7/341E-03 
1UUQ . QO 
1820 . 27 0 39 
964 , 54108 
3. i 6 527 
13. i 2 56 
0 JO 0 0 


D . 9800 
1 . UUOO 
1 . 0000 
1 . 0000 
0 88491 
0814/7 
0 . 99685 

0 9912 

1 0000 


GAMMA 

SONIC VEl OCI r Y 
(CM/SEC) 


1 . 3793 
22446 1 . 86 


1 . 5705 
22151 / . 42 


0 . 99 36 
U . 9868 


MIXTURE MOLECULAR HEIGHT 

DdOG VOLUME )/D( l OG T) 

AT CONSTANT P 

D( LOG VOl UME ) / DC L OG P ) 

AT CONSTANT I 


SPECIES 

MUI E FRAC1 ION 

CM 5 

2.522191 11 

OH 

2.32219EM1 

CH 3D 

2 . 32219E-1 1 

H 

2 . 3221 9E * [ 1 

CM2Q 

2. 32219EM 1 

HZ 

9 . 79592E- 0 1 

HCO 

2. 32219E11 

CH4 

1 . 020 38 E - 02 

CO 

2 86966E-0? 

HO 2 

2. 3221 9 E - 3 1 

H20 

1 . 02038E-02 

C02 

2.32219E-11 

H202 

2 . 3221 9 E l 1 

2 

. j 2 2 i 9 

1 

. MOUO 

-1 . 

.0000 


COMPUTATIONAL HORK REQUIRED FUR EQUILIBR'UM CALCULATION. 
NO. OF ITERATIONS = 11 CPU TIME = 2 . 000427 E- 02 S 



TABLE D.2. — Continued. 

(m) Continued. 

LEWIS SENSITIVITY AMD GENERAL KINETICS PROGRAM NASA LEWIS RESEARCH CENTER 

L SENS HIGH PRESSURE HYDROGEN - CARBON MONOXIDE REACTION CASE 13 

REACTION REACTION REACTION RATE VARIABLES 

NUMBER A N ACT I VAT I (JN 

ENERGY 


I 

1 * C H 3 

+ 

1 *0H 

= 

UCH30 

* 

I KH 

6 . 

30000E+12 

0 . 0000 

0 . 00 

2 

M 

+ 

UCH30 

s 

UCH20 

♦ 

UH 

5. 

00000 Eh 1 3 

0 . 0000 

21000 . 00 

3 

UCH30 

+ 

1 *M 

s 

UCH20 

♦ 

UH2 

2. 

OOOOOEH 3 

0 .0000 

0 . 00 

A 

1*CH3 

+ 

1XHC0 

- 

1KCHA 

♦ 

UCO 

3. 

OOOOOEt 11 

0 . 5000 

0 . 00 

5 

UCH3 

+ 

1 *H02 

- 

1 *CH30 


1 * OH 

2. 

OOOOOEH 3 

0.0000 

0 . 00 

6 

M 

+ 

I *CHA 

= 

1 *CH3 

♦ 

UH 

2. 

OQOQQEU 7 

0.0000 

88000 . 00 

7 

1 *H 

+ 

1 *CHA 


UCH3 


UM2 

1 , 

26000E+1 A 

0 . 0000 

11900.00 

8 

uoh 

+ 

UCHA 

= 

UCH 3 

♦ 

1 *H20 

2. 

50000EH 3 

0 .0000 

5010 . 00 

9 

1 * C H 2 0 

+ 

1*H 

s 

1 KHCO 

* 

UH2 

2. 

50000EH 3 

0 .0000 

3990.00 

10 

UCH20 

+ 

1 xOH 

= 

1 KHCO 

*■ 

1 *H2Q 

3. 

00000E+13 

0 . 0000 

1200.00 

11 

M 

+ 

UCH20 

= 

1KH 

+ 

I *HCO 

5. 

OOOOOEH 16 

0 . 0000 

81000.00 

12 

UHCO 

+ 

UH 

* 

UCO 

♦ 

UM2 

2. 

00000E+13 

0 .0000 

0 .00 

13 

UHCO 

+ 

1 KOH 

= 

1KC0 

♦ 

UH20 

3. 

OOOOOEH 13 

0.0000 

0 . 00 

1 A 

M 

+ 

I XMCO 

= 

1 *H 

* 

UCO 

2. 

90000EH1A 

0 .0000 

15570. 00 

15 

uco 

+ 

1 K OH 

S 

1 »C02 

♦ 

1 * H 

A . 

J7000E+11 

0.0000 

1000. 00 

16 

UCO 

+ 

1 KH02 

= 

1 KC02 

♦ 

UOH 

5. 

750Q0EH3 

0 .0000 

22930 . 00 

17 

1 *H 

+■ 

1*M02 

= 

2*0H 



1 . 

3A000EHA 

0 . 0000 

1070.00 

IB 

1*H2 

+ 

1KHD2 

- 

1 KH202 

♦ 

UH 

7 . 

91 OOOE+13 

0 .0000 

25000 . 00 

19 

uoh 

* 

1 XM202 

= 

1 *H20 

♦ 

UH02 

6 . 

10Q0OE+12 

0 .0000 

1 A 30 . 00 

20 

M 

+ 

1KM2D2 

= 

2*0H 



1 . 

AAOOOEH17 

0 .0000 

A 55 1 0 . 00 

21 

UH2 

+ 

1 *0H 

s 

UH20 

+ 

UH 

A . 

7AOOOEH13 

0 . 0000 

6098 . 00 

22 

M 

+ 

1 K H 2 0 

= 

1KH 

♦ 

UOH 

1 . 

30QQ0EH5 

0 .0000 

1 0 5 1 A 0 . 0 0 

23 

M 

+ 

1XH2 

= 

2 *H 



2. 

20000E+1A 

0 .0000 

96000 . 00 





Ail 

THIRD BODY 

RATIOS ARE 1 

L . 0 EXCEPT 

THE FOLLOWING 




M(H2 

, 20) = 

2 . 30000 

M( H2D2 

, 20) = 

6 .60000 

Ml H20 

, 20) = 6.00000 

Ml H2 

, 22) = 

A . 00000 

M ( C 0 2 

, 22) - 

A . 00000 

H< H20 

, 22) = 

20.00000 

M(H2 

, 23) = A. 10000 

Ml H20 

, 23) = 

15.00000 


XX INITIAL CONDITIONS ** 

TIME O.OOOOOEHOO SEC AREA O.OUOOOE+OO SO CM AXIAL POSITION O.OOOOOEHOO CM 


KOH PROPER I ICS INTEGRATION 1M0ICAI0KS 


PRESSURE 

100 . OQQUQ 

STEPS FROM LAST PRINT 

0 

(ATM) 
VEl OCITY 

0 . 00 

AVERAGE STEP SIZE 

0 . UUOUUE + OU 

(CM/SEC) 

DENSITY 

2.773A1E-03 

METHOD ORDER 

0 

(G/CM**3) 

TEMPERATURE 

1 000 . 00 



( DEG K) 

MASS FI OH RATE 

0 . OOOUOE + OQ 

TOTAL MUMbLR OF STEPS 

0 

(G/SEC) 

ENTROPY 

) 3. 5AA3 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K ) 
MACH NUMBER 

U . 0000 

JACOBIAN EVALUATIONS 

0 

GAMMA 

1.3793 



CHI MAI PY 

2 . 05/01 L H 03 



(CAl /G> 

SP. HEAT (CP) 

3 . 1 7527E+Q0 




(CAL/G/DEG K) 


CHEMICAL PROPERTIES 


SPECILS 

COMCfcNI RA 1 ION 

MOLE FRACTION 

lit 1 SPECIES PRODUCTION 

KEACI I UN 

KATE CONST 

Mb 1 REACTION CGNV RA I E 

NET RAIt/POSI- 


(MUIES/CMK*3) 


RATE (MUl E/CMKK3/SEC) 

NUMBER 

CGS UNITS 

(M0LE-CMkK3/G*«2/SEC) 

TIVE DIR RATE 

CH 3 

0 

. OOOOOEH 00 

0 . OOOOOE + OO 

0 . OOOOOE* 00 

1 

6.3000EH12 

0 . OOOOQEHOO 

0 . 00000 

OH 

0 

. OOOOOC 1 00 

0. OOOOOE <00 

0 . OOOOOEH 00 

2 

1 . 286 5E * 09 

0 . OOOOQEHOO 

0 00000 

C 1 1 3 0 

0 

OOOOOEl 00 

0 . OOOOOEH 00 

0 . OOOOOC * 00 

3 

2 . OOOOE * 1 3 

O.OOOOOEHOO 

0 00000 

H 

0 

. OOOOOEhOO 

0. 00000 1' *00 

2. 79263E-12 

A 

9 . A868EU2 

0 . QQ000EH00 

0 . 00000 

CH2Q 

0 

. OOOOOEH 00 

O.OOOOOEHOO 

0 . 000 00E* 00 

5 

2 . OOOOE* 1 3 

0 .OOOOQEHOO 

0 . 00000 

M2 

1 

. 206A9E-03 

9 . 90000E 01 

-1 . A1686E-12 

6 

1 . 1712E-02 

0 . OOOOOE H00 

0 00000 

HCO 

0 

. OOOOOEH 00 

0 . OOOOQEHOO 

A . 1Q895E-1A 

7 

3 . 1 596 F < 1 1 

0 00000(1 GO 

0 . 00000 

CHA 

0 

. OOOOOEH 00 

0 . OOOOOEH DO 

0 . 000006*00 

6 

2 . 0091EH2 

0 . OOOOOEhOO 

0 . 00000 

CO 

1 

. 21868E -05 

1 . OOODOE-02 

-A. 1 0895E-1A 

9 

3 . 3 568EH2 

0 . OOOOOEhOO 

0 . 00000 

H02 

0 

. 00000E + 00 

0 . OOOOOE h 00 

0 OOOOOEHOO 

I 0 

1 . 6 A 0 1 E * 1 3 

0 . OOOOOE t 00 

0 . oooou 

H20 

(! 

ounnoEHOO 

D . OOOOOEH 00 

0 . OOOOOE* 00 

1 1 

9. 9183 E -02 

0 . OOOOOEHOO 

0.00000 

C02 

0 

. OOOOOE t 00 

0 OOOOOEH 00 

0 . 00000£*00 

12 

2. 0000£*13 

-5. 3A20OE 09 

1 . uoooo 

H202 

0 

.OOOOOE H00 

0 . OOOOQEHOO 

o . oooooE+ao 

1 3 

3 . 00 0 OE * 1 3 

0 . OOOOOE HOG 

0 . 00000 






1 A 

1 . lA70t* 11 

0 . OOOOOE t GO 

0 .00000 






1 5 

2. 521 IE* 11 

0 . OOOOOEHOO 

0 . 0 0 0 0 0 






16 

5.601 7 E ♦ 08 

0 . OOOOOFh uo 

0 .00000 






17 

7 8209EH 13 

0 . OOOOOE ■ 00 

0.00000 






18 

2.7 191EH08 

0 . OOOOOEHOO 

0 . QOUOO 






1 9 

2 9703EH 12 

0 . OOGOOl > 00 

0.00000 






20 

1 6 299E ♦ 0 7 

o.nuuoaL<oo 

o . oooon 






21 

2 . 2032E h | if 

0 . OOOOOEH 00 

0 U0UQ0 






22 

1 . 366 5L-08 

O.OOOOOEHOO 

0 . OllODO 






23 

2.2996E07 

1 . 78862E 0/ 

1 . 00000 


DLK1VA1 IVLG (CCS UNJIS). 1 U.OOUOOE*OQ KHO 0. OOOOOEHOO 


MIXIUKE MOLECUIAR WLIGMT 2.27575 TOTAL ENERGY EXCHANGE RATE 1.9113'«E-U2 MASS TKACIIUN SUM 1.00000000 

<CALCM«*3/Gx*2/3tC) 

CPU TIME FOR INITIALIZATION UK LSENS = 1 . 0A9988 S 


81 



TABLE D.2. — Continued, 
(m) Concluded. 


TIME 1 . 000Q0E* 09 SEC 

AREA 

0 . 00 0 00E+ 0 0 SQ CM AXIAL POSITION 

0,000006*00 CM 

FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

98 . 00329 

5T EPS FROM LAST PRINT 

32 

< ATM) 




VELOCITY 

0 . 00 

AVERAGE STEP SIZE 

0 . 285316*08 

(CM/SEC) 




DENSITY 

2.77 391E-03 

METHOD ORDER 

9 

(G/CMKK3) 




TEMPERATURE 

1000 . 00 



(DEG K ) 




MASS FLOW RATE 

0 . 000006*00 

TOTAL NUMBER OF STEPS 

I 22 

(G/SEC) 




ENTROPY 

13.9259 

KUNCT EVALUATIONS 

J 6 1 

(CAL/G/DEG K ) 




MACH NUMBER 

0 . 0000 

J ACUBI AN EVALUATIONS 

30 

GAMMA 

1 . 3706 



ENTHALPY 

l . 82O65E+03 



(CAt /G> 




SP. HEAT (CP) 

3. 1651 06*00 



(CAL/G/DEG K) 








CHEMICAL PROPERTIES 




SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET KEACIION CONV RATE 

NET RAIL/POSI- 


( MOL ES/CM* * 3 ) 


RATE <M0LE/CM*X3/SEC) 

NUMBER 

CGS UNITS 

(MUl L CMa*5/G**2/SLC> 

TIVE DIR RATE 

CH 3 

5 . 61735 E -19 

9 , 70329E- l 1 

-2 . 9699SE-1 3 

1 

6 . 3 0 0 1) t * 1 2 

1 .605 32 Eli 

098183 

OH 

6 .957686-18 

5.90687E-15 

-9 . 0099SE-1 5 

? 

1 .28656*09 

1.6] 3 55E 1 1 

0,03179 

CH 30 

2.95959E-21 

2 . 05936E-18 

6 . 16723E-19 

3 

2 . OOOOE* 1 3 

-5.65353E 1 7 

0.031/9 

H 

2.69229E- 13 

2.25916E-10 

-1 . 18639E-19 

9 

9.98686*12 

-1 . 330686 16 

0.00016 

CH20 

2 . 59826 E- 1 2 

2. 13360E-09 

- 3 . 301 79E-16 

5 

2 . 00006* 13 

-2.77355E 29 

0.98182 

H2 

l . 16999E-05 

9.79609E-01 

-2.51061E-13 

6 

1 . 1712602 

5 . 80922E-12 

0.00000 

HCO 

1 . 17880E-17 

9 . 86985E-15 

2 . 6 2903E- 1 3 

7 

3 . 1596EM1 

-3. 21271 E 08 

0 00000 

CH9 

l . 2167 IE-05 

1 . 01872E02 

2 .97068E-1 3 

8 

2 . 00916*12 

2.17912E-13 

0 0 U 0 U 0 

CO 

1 . 99 1 59E - 08 

1 .625656 05 

-2 62672E1 3 

9 

3 . 3568E* 12 

2.67861C- 1 1 

0.00009 

H02 

3. 51 516E-31 

2. 99317E-28 

-6 . 69569E-32 

10 

1 .69016*13 

3 . 197866-15 

0.00009 

H20 

1 . 21 668E-05 

1 01870E-02 

9 . 1 5303E-1 5 

1 1 

9 .91836-02 

3 . 5 3 0 7 ? B - 1 5 

0 0 0 0 1) 9 

C02 

2.91 1 796-10 

2.937996 07 

-2 . 50699E- 17 

12 

2 .OOOOE * 1 3 

-1 . 39698E- 1 5 

0 . 0 L) 0 1 6 

H202 

3.251 50E26 

2. 72291E-23 

1 .93296E 27 

13 

3.00006*13 

9 .837156-20 

0 . 00 0 1 6 





19 

1 . 197GEU 1 

-3.91529E- U8 

0 00016 





15 

2.52116*11 

-3.258 596 12 

0 . 000/9 





16 

5 601 7H08 

- 2 . 99657E 28 

0.00060 





17 

7 82096 * 1 3 

1 82790E- 28 

0 . 00019 





18 

2 . 7 1 9 1 E * 08 

2 ,782296-29 

0 00019 





19 

2 . 9 7 0 3 E * 12 

1 . 59 99 7E 29 

0 . 00019 





20 

1 62996*07 

- 1 8395UE 22 

0 . OGOUG 





21 

2. 2032EO2 

5 . 39/09E-] 0 

o . onuoo 





22 

1 . 3665E 08 

2.6875061/ 

a . ooauo 





23 

2 , 29 96 E- 07 

8 . 7526UE-19 

0 .00000 

DLR1VAI 1VLS (COS UNI IS) . 

T 0 

.000006*00 KHU 

0.000006*00 



MIXTURE 

MOLECULAR WEIGHT 

2. 3221 1 

TOTAL ENERGY EXCHANGE 

RATE -5 

. 502026 09 

MASS 6 RAC HON SUM 1 

00000000 


(CAL CM»*S/G*k2/5EC) 


COMPUTER TIME (CPU) REQUIRED. FOR THIS 


STEP 


1 . 999939E-01 S 


UP 0 THIS TIME 


6 


9 9 9 5 1 E - 0 1 s 


(LSENS) 


END OF THIS CASE 


SUMMARY OF COMPUTATIONAL 


WORK REQUIRED FOR PROBLEM. 


TOTAL 

TOTAL 

TOTAL 

TOTAL 


HO, OF STEPS - 

NO. OF DERIVATIVE EVALUATIONS 
NO. OF JACOBIAN EVALUATIONS - 
CPU TIME - 


i 22 
161 
30 

0.619995 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


2.089996 S 


(LSENS) READ DATA FOR NEXT CASE 
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TABLE D.2. — Continued, 
(n) Case 14 


** DATA LINES *# 

12545678 
CC 12345678901234567890123456789012545678901254567890125456789012345678901234567690 


L SENS 
NEW 

HYDROGEN - OXYGEN LOW TEMPERATURE PHOTOLYTIC IGNITION 

CASE 14 

0 

4 

M20 

= OH 4 

OH 

6 8E413 

0 . 

18365. 

H 

♦ 

02 

= OH 4 

0 

1 .B9EU4 

0. 

16400 . 

0 

4 

H2 

= OH 4 

H 

4.20EU4 

0. 

13750. 

M 

4 

H02 

= H 2 4 

02 

7 . 28E+ 1 3 

0. 

2126 . 

0 

♦ 

H02 

= OH + 

02 

5. OEM 3 

0 . 

1000 . 

H02 

♦ 

OH 

= H20 4 

02 

B . OEM 2 


0 . 

H 

+ 

H02 

- 2 . OUH 


1 .34E4 J4 

0 . 

1 070 . 

H2 

* 

H02 

= H202 ♦ 

H 

7 . 9 1 E 4 1 3 

0 . 

25000 . 

OH 

4 

H202 

= H20 4 

H02 

6 . 1 E 4 1 2 

0. 

1430 . 

H02 

4 

H02 

= H202 4 

02 

1 . 6E 4 1 2 

0 . 

0 . 

H 

4 

H202 

= OH 4 

H20 

7 .8E411 

0 . 

0. 

M 

♦ 

H202 

= OH 4 

OH 

1 .44E417 

0. 

45510. 

THI RDBODY 







H2 

END 

2. 

30 02 

. 78 

HZO 

6.0 H202 

6.6 

H2 

♦ 

OH 

- M20 4 

H 

4. 74EHS 

0. 

6098 . 

II 

4 

02 

3 1102 4 

M 

1 .46Ei 15 

0. 

-1000 . 

THI RDBODY 







02 

1 . 

30 H2 

3 . 0 

H20 

21.3 END 


M 

4 

H20 

■ M 4 

OH 

1 . 3 OE 4 1 5 

0. 

105140 . 

THIRDBODY 







H2 

4. 

00 02 

1 .5 

H20 

20.0 END 


H 

4 

0 

* OH 4 

M 

7 . IE418 

- 1 , 

0 . 

M 

+ 

H2 

* H 4 

H 

2 . 2Et 1 4 

0. ‘ 

96000 . 

THIRDBODY 







H2 

4 . 

10 02 

2.0 

H20 

15.0 END 


M 

4 

02 

* 0 4 

0 

1 . 6 OE 4 1 8 

-1 . 

1 18020 . 

HHU 

4 

H2 

>2. OH 


.003 

0. 

0 . 

HNU 

4 

02 

>2,00 


.005 

0. 

0 . 




- BLANK LINE - 




END 








TIME 








Sprob 

rliocon 

= . true , , 

ipri nt = 1 00, combus- . trua. , 

•nd=l .0173, 

Send 


Sstart 

t = 7 00 

.0, p=2 . 0 

, Sand 





H2 

0.667 






02 

0.333 






END 








Ssol var 

•max 

-1 . OE-6, 

atolsp*l .OE-11 

Send 





FINIS 


#* EQUILIBRIUM CALCULATION ** 


THERMODYNAMIC EQUILIBRIUM COMBUSTION PROPERTIES At ASSIGNED INTERNAL ENERGY AND DENS I 1 Y 


INITIAL STATE 


FINAL STATE 


FINAL/INI 1 I AL RATIO 


PRESSURE 

(ATM) 

VEL OCITY 
(CM/SEC) 
DENSITY 
(G/CM»*i) 
TEMPERATURE 
(DEG K) 
ENTHALPY 
(CAL/G) 

INTERNAL ENERGY 
(CAL/G) 

5P . HEAT <CP> 
(CAL/G/DEG K) 
FN1 ROPY 
(CAL/G/DL-ii K) 
MACH NUMBER 


2.0000 
0 . 00 

4 . 17838E-04 
700 . 00 
258.98650 
125.06985 
0.60975 
5.5907 
0 0000 


GAMMA 


1 . 3728 


SONIC VELOCITY 81597.60 

(CM/SLC) 


MIXTURE MOLECULAR HEIGHT 


8.4155 
0 . 00 

4 . 1/B38E-Q4 
5526.93 
610.70357 
123.07077 
4.34787 
4.2549 


4 . 2066 
1 . 0000 

1 . 0000 
5 .0585 

2 . 55539 
1 . 00001 
7.13058 
1.1850 


0 . 0000 1.0000 


1 

.0328 

1514/5 

.22 

SPECIES 

MOt E FPAC1 1 1JN 

0 

4 . 0 5 3t> 5L 02 

H20 

5. 251 6 SC-01 

OH 

1 3 5 1 29 E - 0 1 

H 

8 . 74128E-02 

02 

5 G2276E 112 

H2 

1 .65334E01 

H02 

1 .85876E04 

H202 

1 . 08S49E-05 


14. 37269 


IK LOG VOI UMt )/ D< LOG T) 
A l CONSTANT P 


2.489 J 


DCLOG VOI UMt )/DU0G P) 
A I CONSTANT T 


-I . 0863 


COMPUTATIONAL WORK REQUIRED FOR EQUIIIBRIUH CAICUIAIION; 
NO. 01 ITERATIONS = 7 CPU TIME = 9.99450/E 03 S 
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TABLE D.2. — Continued, 
(n) Continued. 

** INITIAL CONDITIONS ** 


TIME 0 . 000 00 E+ 00 SEC 


AREA 0. OOOOOE + OO SO CM 


AXIAL POSITION D . OOOOOE+OO CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
t G-'CM* « 5 ) 
TEMPERATURE 
C DEG K) 

MASS FLOW RATE 
(G/SEC) 
ENTROPY 
(CAL/O/DEG K) 
MACH NUMBER 

OAMMA 

ENTHALPY 

CCAL/G) 

SP. HEAT I CP T 
(CAL/Q/DEQ K) 


2.00000 
0 . 00 

A.17858E-0A 
700.00 
0 . Q000QE+Q 0 
3.5907 
0.0000 
1 . 3728 
2 . 38986 £ + 0 2 
6 . 097 51 E-0 1 


STEPS FROM LAST PRINT 0 

AVERAGE STEP SIZE O.OQOOOE+OO 

METHOD ORDER 0 

TOTAL HUMBER OF STEPS 0 

FUNCT EVALUATIONS 0 

JACOBIAN EVAIUAI IONS 0 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

HATE CONST 

NET REACTION CUHV KATE 

NET RATE/POSI- 


(MOLES/CM**3> 


RATE <M0LE/CM*«3/SEC) 

NUMBER 

COS UNITS 

(MOL E-CM*J*3/G**Z/SEC) 

TIVE DIR RATE 

0 

0 . OOOOOE+OO 

0. OOOOOE + OO 

1 . 159A9E-07 

1 

1 2552E+0B 

0 . OOOOOE + OO 

0 . 00000 

H20 

0 . OOOOOE + OO 

0. OOOOOE+OO 

0 . OOOOOE+OO 

2 

1 . A 327 E + 09 

0 . OOOOOE+ 00 

0.00000 

OH 

0 .OOOOOE + OO 

0 OOOOOE+OO 

0. OOOOOE+OO 

3 

2. 1395E+10 

0 . OOOOOE+OO 

0 . 00000 

H 

0 .OOOOOE + OO 

0. OOOOOE+OO 

1 . 393A8E-07 

A 

1 . 5789E+13 

-2. 31B27E-06 

1 .00000 

02 

1 . 1 59A9E-05 

3. 33000E-01 

-5 797A8E-08 

5 

2.A36AE+13 

0 . OOOOOE+OO 

0.00000 

H2 

2 . 322A6E-05 

6 67000E-01 

-6 . 96 7 A I E- 08 

6 

8 . 0000E+ 12 

0. OOOOOE+OO 

0 ooooo 

H02 

0 . OOOOOE+OO 

0 ODOOOE+OO 

A. 0A7A3E-13 

7 

6 . 2092E+ 13 

0 . OOOOOE + OO 

0.00000 

H202 

0 . OODOOE+OO 

0 . OOOOOE+OD 

0. OOOOOE+OO 

8 

1 . 2383E+ 06 

0. OOOOOE+OO 

0 .0 0000 





9 

2 . 1 8 20 E + 1 2 

0 . OOOOOE + OO 

0 . ooooo 





10 

1 .8000E* 12 

0 . OOOOOE+ 00 

0.00000 





1 1 

7 .8000E+I1 

0. OOOOOE+OO 

0 . ooooo 





12 

8 9023E+02 

0 . OOODOE+ 00 

0 . 0000 D 





13 

5.91A2E+11 

O.OOOOOEiOO 

0 . ooooo 





1A 

2.9962E+ 15 

0 . 00 0 DOE + 00 

0 . ooooo 





15 

1 9 398 E- 1 B 

O.OOOOOEiOO 

0 . ooooo 





16 

1 . 0 1 A 3E+ 1 6 

0 . OOOOOE+OO 

0 . ooooo 





17 

2. 3A36E-I6 

3 .691 A9E- 1 B 

1 . ooooo 





18 

3.6533E-22 

8 AA797E-25 

1 .ooooo 





19 

3 . 0000E-03 

3.9907AE-0] 

1 ooooo 





20 

5. 000 0 E - 0 3 

3. 32063E-01 

1 .00000 

DERIVATIVES (CCS UNITS). 

T -7 

.616A1E+01 RHO 

0. OOOOOE + L 0 



MIXTU.' 

;E MOLECULAR WEIGHT 

12 . 0001 A 

TOTAL ENERGY EXCHANGE 

RATE 8. 

1) 371E+0A 

MASS FRACTION SUM ] 

[ . 00000000 




(CAL-CM**3/G)iK2/5EC) 






CPU 

TIME FOR INITIALIZATION 

OF LSENS = 

0 . 9A9997 

S 



TIME 1.01636E+00 SEC 


AREA 0 0 000 OE * 0 0 SQ CM 


AXIAL POSITION 


O.OOOOQE'OU CM 


FLOW PROPERTIES 


INTEGRA! I UN 1NDICA1 OKS 


PRESSURE 

(ATM) 

VEl OCITY 
(CM/ SEC) 
DENSITY 
( G/CM* < 3 ) 
TEMPERATURE 
(DEG K ) 

MASS FIOW RATE 
(G/SEC) 
ENTROPY 
(CAl/G/DF.G K > 
MACH HUMBER 

GAMMA 


2.69601 

0.00 

A . 17838E-0A 
956.82 
0 OUUQQE+OU 
3.7233 
0 . Q 000 
1 3529 


STEPS FROM LAS! PRINT 100 

AVERAGE STEP SUE 0.51A03E-02 

ME I HOO ORDER A 

TOTAL NUhbLR OF SIEI'S 200 

FUNCT EVALUAI1UNS 295 

JACOBIAN EVALUATIONS 36 


ENTHALPY 2.79326E+02 

(CAl/G) 

SP . HEAT (CP> 6.26068E-01 

ICAl/G/DEG K ) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

R. TE CONST 

NET RE AC 1 1 ON COMV R A 1 E 

NET RAIE/POSI 


(M01ES/CM»»3) 


RATE (HOLE/CM*«3/SEC) 

NUMBER 

OS UNITS 

(MOtE -CM»« 3/G««2/SEC) 

TIVE DIR KATE 

0 

1 .62898E-12 

A.7A388E-08 

1 . A2767E-Q9 

1 

. . 3A20E i 09 

3 193016-02 

0 996 39 

M20 

7 .91 009E-07 

2. 30355E-02 

1 . 10181E-0A 

2 

5 - 3922E i 10 

6 A02A76) 01 

1 OOOOO 

OH 

2 , SllOlE-12 

7 . 312A8E-Q8 

1 7Q8A3E-09 

3 

5 . 0378E+ 1 l 

6 . 3 3A 36 E i 0 l 

1 OOOOO 

H 

2 . 96 5 56 E - l 1 

8 63623E-07 

2 A7190E-0S 

A 

.. . 37 97 E + 1 3 

1 . 86 A 30 C ) 0 1 

D 99555 

(12 

1.11 1 17E-05 

3. 23593E-01 

-A 9A5IAE-05 

5 

' 9550E+1 3 

1 27 7 3IE + 00 

1 OOOOO 

H2 

2.23A8ZE05 

6 . 508)96-01 

-1 03666E-0A 

6 

1 0000E+12 

5 , 33OA0E-01 

1 . OOOOO 

H02 

A 63275E-09 

I . 3A91AE-DA 

1 77515E-06 

7 

' 6331E+13 

6 . 006656*01 

1 OUOOO 

M202 

8 .29927E 08 

2. A1689E-03 

-7 . A1585E-06 

a 

5A11E+08 

-6 7A639E i 01 

0 A2A69 





9 

8/5AE+1Z 

3 . A308AE + 00 

0 99961 





1 0 

8*J 00E + 12 

?. 195636+02 

0 99226 





1 1 

.80006 t 1 1 

1 . 099 58 E » 0 1 

1 (JOOOO 





12 

79)66+06 

I . 8 0 1 A9E i 02 

I OOOOO 





13 

9I83E + 12 

6 . 16155E + 02 

0.99932 





1A 

; A/0AE+ 15 

A . 58 91 9E * 02 

0 , 99997 





15 

. 25A6E-09 

-6. 892 58 £03 

1 OOOOO 





16 

’ A205E+ 15 

7 . 050526 05 

1 ooooo 





17 

. 598 A E - 08 

-2.835976 03 

1 ooooo 





18 

2.075IE-L2 

-5 A1356E 08 

1 ooooo 





19 

> 00006-03 

3 8AU15E- 01 

1 . ooooo 





20 

r» OOOOE- 03 

3. 182276 01 

1 ooooo 

DERIVAI (VtS (CGS UNITS) . 

T 3 

. 19359E+0A RHO 

0 .OUOOOE 

♦OU 



MI X 1 URL 

MOLECULAR WEIGHT 

12.16816 

TOTAL ENERGY EXCHANGE 

RATE -3. 

50. 69E+0/ 

MASS INACTION SUM 1 

00000001 




(CAL ■ CM+»*3/G**2/SEC) 




COMPUTER TIME (CPU) 

RLQUIRLD. FOR 

THIS SUP - 6.699982E 

-01 S 

UP TO THIS 

TIME - I . 2AQUU51 +00 S 
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TABLE D.2. — Continued, 
(n) Concluded. 


TIME l.Ol/JOEtOO SEC 


AREA 0 . 000001*00 SQ CM 


AXIAL POSITION 0.000006*00 CM 



FLOW PROPERTIES 



INTEGRATION 

INDICATORS 




PRESSURE 

2.88438 


STEPS FROM LAST PRINT 

32 



(ATM) 








VELOCITY 

0 00 


AVERAGE STEP SIZE 0. 

29456 E- 

04 


(CM/ SEC) 








DENSITY 

4 17838E-04 


METHOD ORDER 

4 



(G/CH**3> 

TEMPERATURE 

1026 .93 







(DEG K ) 








MASS FlOU RATE 

0 . 000006*00 


TOTAL NUMBER OF STEPS 

232 



CG/SEC) 








ENTROPY 

3.7533 


FUNCT EVALUATIONS 

349 



(CAl/G/DEG K ) 
MACH NUMBER 

0 .0000 


JACOBIAN 

EVALUATIONS 

41 



GAMMA 

1 . 3477 







ENTHALPY 

2.902436*02 







(CAL/G) 

SP. HEAT (CP) 

6 . 3Q997E-0 l 







(CAL/G/DEG K ) 









CHEMICAL PROPERTIES 





SPECIES 

CONCENTRATION MOLE FRACTION 

1 NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET 

RATE/POSI - 


(MOL ES/CM* » 3 ) 

RATE (MOL E/CM*«3/SEC ) 

NUMBER 

CGS UNITS 

(MOLE-CM*X3/OK*2/SEC> 

TIVE 

DIR RATE 

0 

1.1854DE-11 3 . 46 31 IE-07 

9 . 14943E-08 

1 

8.3967E*09 

5.83952C-01 


0.99108 

H2Q 

1 . 0335DE- 06 301934E02 

8 .87724E-04 

2 

6 1129EH0 

7 .69581 E*02 


0 , 99998 

OH 

1.65441E 11 4.83332E-07 

1 .45325E-07 

3 

4 9774EH 1 

7 .474526*02 


0 99999 

H 

I . 99828E ' t 0 5.83/91606 

1 . 47962E-06 

4 

2.56851*13 

3.054266*02 


0 . 99808 

02 

1.09995E05 3.21347E-01 

-4 . 19885E-04 

5 

3.0630E+13 

2 . 1 648 1 E * 0 1 


1 . 00000 

H2 

2.2I176E-05 6.46157E-0I 

-8 . 49624E-04 

6 

8.0000E* 12 

7.891 08E + 00 


1 . 00000 

H02 

1 . 04092E- 08 3.0410ZE 04 

2 . 96330E-05 

7 

7 . 9321 E+ 1 3 

9.45039E*02 


1 . 0 0 0 DO 

H202 

6.81766E-08 1.99175E-03 

-5. 372&1E-05 

a 

3.7821E+08 

-5.726296*02 


0.53449 




9 

3.0269EU2 

1 . 95408E* 0) 


0 . 99926 




10 

I . 8000EM 2 

1 . I I250E* 03 


0.99588 




1 l 

7 . 8 000E * 1 1 

6 . 086546*01 


1 . 00000 




12 

2.9718EI07 

7 .672106* 02 


1 . 00000 




13 

2. 38796*1 2 

4 . 996 76C * 0 3 


0.99841 




14 

2.3833EU5 

3 . 082576*03 


0 99993 




15 

5.4735E-08 

-1 88330E-01 


1 00000 




16 

6 . 91 38E + 1 5 

3 .210866-03 


1 . 00000 




17 

8 . 1 6 39 E“ 0 7 

-9 . 764646-02 


1 OOOOO 




18 

1 . 3395E-10 

-2 . 58887E-06 


1 OOOOO 




19 

3.0000E-Q5 

3 80D52E- 01 


1 OOOOO 




20 

5. 0000E-Q3 

3 1501 3E 01 


1 OOOOO 

DERIVATIVES ( CGS UNITS). T 

2.55Q51E*05 RHO 

O.QOOOOEtOQ 




MIXTURE 

MOLECULAR WEIGHT 12.20699 

TOTAL ENERGY EXCHANGE 

RATE -2. 

. B3276E* 08 

MASS FRACTION SUM 

1 00000001 



(CAL -CM**3/G**2/SEC ) 






COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP - 2.2Q0012E-QI S 


UP 70 THIS TIME - 1.46Q007E»00 S 


( L5ENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 


TOTAL HO. OF STEPS - 

TOTAL HO. OF DERIVATIVE EVALUATIONS 

TOTAL NO. OF JACOBIAN EVALUATIONS - 

TOTAL CPU TIME - 


232 

349 

41 

1.460007 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


2.68QQ0S S 


( LSENS ) READ DATA FOR NEXT CASE 


85 



TABLE D.2. — Continued, 
(o) Case 15 



DISTANCE-AREA 

VERSION 

LEWIS 

SENSITIVITY 

ANO 

GENERAL KINETI 

;s PROGRAM NASA 

LEWIS RESEARCH 

C til I ER 



L SENS 

METHANE 

AIR MECHAN . ; MON . 

DECR 

TABULAR AREA 

N!TH APRINT CASE 15 



REACTION 




REACTION 



REACTION 

RATE VARIABLES 


HUMBER 








A 

N 

ACT J VA 1 ION 











ENERGY 

1 

M 

♦ 

UCHA 

- 

UCH3 

4 

UH 

2 . OOOOOE417 

0 . 0000 

68000 00 

2 

i J» M 

+ 

UCHA 

- 

UCH3 

4 

UH2 

1 .26000EUA 

0 . 0000 

11900. 00 

3 

1 *CHA 

+ 

U02 

- 

UCH 5 

4 

1*1102 

7 . 9 AOOOEM 3 

0 0000 

56000 .00 

A 

1*0 

+■ 

UCHA 

= 

1 *CH3 

4 

UOH 

1 . 9 0 0 0 OE ♦ 1 A 

0 . 0000 

1 1 720 . 00 

5 

UOH 

♦ 

UCHA 

= 

1*CH3 

4 

UH20 

2 . 500 OOE * 1 3 

0 . 0000 

5010.00 

6 

1 *CM3 

+ 

UQ2 


1 *CH 30 

4 

1 *0 

2 . A 0 0006 4 1 1 

0 0000 

2666 0 . 00 

7 

1 *CH3 

t 

UOH 

* 

1 *CH30 

4 

UH 

6 . 30000E* 12 

0 . 0000 

0 00 

& 

M 

+ 

UCH3Q 

3 

UCH20 

4 

1*H 

5. OOOOOE41 3 

0 . 0000 

21000.00 

9 



2*CH3 

- 

UC2H6 



2.AOOOOE+1A 

“0 . AOUO 

0 .00 

to 

1*H 

+ 

UC2H6 


UC2H5 

4 

UH2 

1 . 32000E41A 

0.0000 

9700.00 

1 1 

1*0 

+ 

UC2H6 

= 

UC2H5 

4 

UOH 

1 . 13000E41A 

0.0000 

7850.00 

12 

1 *GH 

+ 

UC2H6 

= 

UC2H5 

4 

UH20 

8 .70000E4 13 

0 . 0000 

3520 . 00 

1 3 

M 


UC2H5 

= 

UC2HA 

4 

UH 

1 .OOOOOEH7 

0 . 0000 

31 000 . 00 

1$ 

UC2H5 

♦ 

U02 

= 

UC2HA 

4 

UH02 

2 . OOOOOE 4 1 2 

0 . 0 0 0 U 

500000 

1 5 

1*11 

♦ 

UC2H5 

- 

UC2HA 

4 

1*H2 

A . 80000E 4 1 5 

0.0000 

0 . 00 

1 6 

1 * C H 3 

+■ 

UCH2 

= 

UC2HA 

4 

1*H 

2. OOOOOE 413 

0 . 0000 

0.00 

17 

1 *H 

+ 

UC2HA 

= 

1*H2 

4 

1 «C2H3 

1 . 50000E 4 1 A 

0 . 0000 

10200.00 

1 8 

M 

♦ 

UC2HA 

= 

UC2H2 

4 

UH2 

2 , 6 OOOOE 4 17 

0 . 0000 

79300 00 

19 

UC2HA 

t 

UOH 

* 

UC2H3 

4 

UH20 

A .80000E4 12 

0 . 0000 

1250.00 

20 

1 *C2HA 

♦ 

UOH 

- 

UCH3 

4 

UCH20 

2 . OOOOOE4 12 

0 . 0000 

960.00 

21 

UC2HA 

♦ 

UQ 

= 

UCH3 

4 

UHCO 

3 . 30000E4 12 

0 0000 

1130,00 

22 

UC2HA 

+■ 

UO 

= 

UCH20 

4 

UCH2 

2 . 50000E 4 1 l 

0 .0000 

5000 00 

23 

M 

+ 

UC2H3 

= 

UC2H2 

4 

1 *H 

3 . OOOOOE 4 1 5 

0 .0000 

32000 . 00 

2A 

UC2H5 

+ 

U02 

- 

UCH20 

4 

1 *HCO 

3 . 9 6 0 0 D C 4 12 

U . U0IJ0 

-250 . 00 

25 

UC2M3 

+ 

Ull 

* 

UC2H2 

4 

UH2 

6 . OOOOOE 4 1 2 

0. 0000 

0.00 

26 

1 *C2H5 

♦ 

1 *0 

* 

UC2H20 

4 

UH 

3 . 30000E 4 1 3 

0.0000 

0.00 

2 7 

1 »C2H3 

t 

UOH 


UC2H2 

4 

) *H20 

5 . OOOOOE < 12 

0.0000 

0.00 

28 

UC2M5 

+ 

1 *CH2 

- 

UC2H2 

4 

UCH 3 

3 . OOOOOE 4 1 3 

0 . 0000 

0,00 

29 

UC2H3 

+ 

UC2H 

= 

2*C2H2 



3 . 0 OOOOE 4 1 3 

0 . 0000 

0.00 

30 

M 

4 

UC2H2 

- 

UC2H 

4 

1*H 

A . 20000E 4 1 6 

0 . 0000 

107000.00 

31 

1 *C2H2 

4- 

1 *0 

= 

1 *CH2 

4 

UCO 

1 .60000E41A 

0 0000 

9890 . 00 

32 

1 * C 2 H 2 

♦ 

UO 

* 

UC2H0 

4 

UH 

A . OOOOOE 4 1 A 

0 . 0000 

10660 00 

33 

UC2H2 

4- 

UOH 

= 

1*C2H 

4 

UH2Q 

6 . 30000E 412 

0 . 0000 

7000 . 00 

S'! 

UC2H2 

♦ 

UOH 

S 

1 *C2H20 

4 

UH 

3 . 20000F 4 1 1 

0 0000 

20U . UO 

35 

UC2H 

+ 

1 *02 

= 

UC2H0 

4 

UO 

5 . 0 0 OOOE 4 ] 3 

0 . 0000 

1500 . 00 

36 

1 *C2H 

♦ 

1 *0H 

- 

UC2HQ 

4 

l *H 

2 . OOOOOE M 3 

0 . 0000 

0 . 00 

37 

1 MC21IO 

* 

1 *02 

- 

2*C0 

4 

UOH 

1 . A6000E1 12 

0.0000 

2500 . (JO 

38 

1 *C2ltO 

♦ 

UO 

- 

2*C0 

4 

1*H 

1 20200E412 

0 0 0 0 0 

0.00 

39 

1 *C2H0 

4- 

1 *0H 

= 

2*HC0 



1 . 0 0 0 (1 0 E 4 ] 3 

0 . 0000 

0 . U 0 

AO 

1 *C2H0 

♦ 

UH 

- 

UCH2 

4 

UCO 

5 . 00OUUE4 1 3 

0 0000 

0 . UO 

A 1 

1 *C 2HO 

4 

1*CH2 

= 

1 *C2H 3 

4 

UCD 

3 . OOOOOE 4 1 3 

0 . 0000 

0,00 

A2 

UC2H0 

4 

UCH2 

= 

1 *CH20 

4 

1*C2H 

1 . 00 0 0 OE 4 1 3 

0 0000 

2000 00 

A 3 



2MC2H0 

- 

1 *C2H2 

4 

2*C0 

1 0 0 0 0 0 E » 1 3 

o ooon 

0.00 

A A 

UC2H20 

4 

UOH 

- 

1 *CH20 

4 

UHCO 

2 . BOUOOEt 1 3 

0 0000 

0.00 

A5 

1 *C2H20 

4 

UOH 

= 

1 *C2H0 

4 

UH20 

7. 5000 0 £412 

0 . 0000 

3000.00 

A6 

1 *C2H20 

f 

1*H 

s 

UCH3 

4 

UCO 

1 . 1 3000 E 4 1 3 

o . nooo 

J4 2 8 . 0 0 

A 1 

1 *C?H2Q 

4 

1 «H 

= 

1 *C2H0 

4 

UH2 

7 . 5DOOOE4 l 3 

U . 0000 

8000 . UU 

A8 

1 8C2M20 

4 

UU 

S 

1 *C2H0 

4 

1 *(JH 

5 . OOOOOE4 1 3 

0 0 000 

8 00 0 U(l 

A9 

1 »C2H20 

4 

UO 

= 

1 *CH20 

4 

1 *C0 

2 0 0 0 0 0 E 4 1 3 

0 0000 

0.00 

50 

H 

4 

UC2H20 

- 

UCH2 

4 

UCO 

2 . OOOOOE4 16 

0 . OGUO 

60000 UU 

51 

UC2H 

4 

UO 

= 

UCO 

4 

1 *CM 

5 . OUOQOfc 4 13 

U 0000 

0 . UU 

52 

1 * CM 30 

1 

U02 

- 

UCH20 

4 

1 *HU2 

1 . 000001 i 1 3 

0 01)00 

71/0. 00 

53 

1 MCH30 

4 

UH 

- 

UCH20 

4 

UH2 

2 OOOOOE 4 l 3 

O . 0000 

0.00 

5A 

M 

4 

1 MCH20 

= 

UHCO 

4 

1 *H 

5 . OOOOOE 4 16 

0.0000 

81000 . UQ 

55 

1 *CM20 

+ 

UOH 

= 

1 *HCO 

4 

1 *H20 

3 . OOOOOE 4 1 3 

0.0000 

1200 . 00 

56 

l *CM20 

4 

UH 

S 

UHCO 

4 

1 «H2 

2 . 5 0 0 0 0 E 4 1 5 

0 . 0 0 0 0 

3990 . 00 

57 

UCM20 

4 

UO 

= 

UHCO 

4 

1 *0H 

3. 50000E4 1 J 

0.0000 

3510.00 

58 

UCII5 

4 

1 *CH20 

S 

UCHA 

4 

UHCO 

1 . OOOOOE l 10 

0 . 5000 

6000 . 00 

59 

l *CH 3 

4 

UHCO 

* 

UCHA 

4 

UCO 

3 . OOOOOE 4 1 1 

1) 5000 

0.00 

60 

1 *CM3 

4 

1 *1102 

- 

1 »CH3D 

4 

1 *0H 

2 . OOOOOE 4 1 3 

0 0000 

0 . 00 

6 1 

M 

4 

UCH3 

* 

1*CH2 

4 

UH 

1 . 9 5 0 0 0 E 4 16 

0 00 00 

91600.00 

62 

Ull 

4 

1 *CH3 

= 

UH2 

4 

1*CH2 

2 . 7 0000 E 4 1 1 

0.6700 

25700 . 00 

6 3 

1*0 

4 

1 *CH3 

= 

l * OH 

4 

1*CH2 

l 9 0 0 0 0 E 4 1 1 

0 6800 

25700.00 

6 A 

UOH 

4 

1*CH3 

= 

1*H20 

4 

1 *CH2 

2. 7 0000 E i 1 1 

0.6/00 

25/00.00 

6 5 

UCH 

4 

UCU2 

= 

UHCO 

4 

UCO 

3 7 0000 E 4 12 

0 0 000 

0 . 00 

66 

UCH 

4 

1 *02 

= 

UHCO 

4 

1 *0 

1 . 0000UL4 1 3 

0 . 0000 

0 . 00 

6 7 

1 *CH2 

4 

1 *02 

= 

UCH20 

4 

UO 

5 , OOOOOE 4 1 1 

0 . 5000 

6 960,00 

6 8 

1 *CH2 

4 

UO 

- 

UCH 

4 

UOH 

2 . 0000 0 E 4 1 1 

0 7000 

25800 .00 

69 

1*CH2 

4 

1 *0H 

= 

UCH 

4 

1*H20 

5 . 000 0 0 E 4 1 1 

0 . 5000 

5900 , 00 

7 0 

1*CH2 

4 

UH 

= 

UCH 

4 

UH2 

3 . 20000E4 1 1 

0.7000 

A9/0 . 00 

7 l 



2*CH2 

= 

UC2H3 

4 

1*H 

5 . 00 0 0 OE 4 1 2 

0 . 0000 

0 00 

72 



2*CH2 

- 

1 *C2H2 

4 

UH2 

A . 00 0 0 0 E 4 1 3 

0 0000 

0 00 

73 

1 *HCQ 

4 

1 *02 

= 

UCO 

4 

UH02 

3 . OOOOOE 4 1 3 

0 0000 

0 00 

7 A 

1 *IICO 

4 

UO 

- 

1 *co 

4 

UOH 

3 . OOOOOE i 1 3 

0 0000 

0 00 

75 

UHCO 

4 

I ROM 

- 

UCO 

4 

1 *112 0 

3 . OG II 0 II k i 1 3 

0 0 0 0 0 

0 . 0 0 

7 6 

UIICO 

4 

UH 

= 

UCO 

4 

UH2 

2 . 00UU0E * 1 3 

0 0000 

0 00 

77 

M 

4 

UHCO 

s 

UH 

4 

UCO 

2.90U0 0EUA 

0 0 0 0 0 

15570 00 

78 

1 *CO 

4 

UO 

- 

1 *C02 

4 

M 

2.A0UD0E415 

0 . 0000 

A1 DO 00 

79 

1 *co 

4 

1*02 

= 

UCO 2 

4 

UU 

2 . 50000E4 12 

0 . oouo 

A 7 6 9 0 00 

80 

1*CU 

4 

UOH 

- 

1 *C02 

4 

UH 

A . 1 7 POOL 4 1 1 

0.0000 

1000 00 

81 

1 *co 

4 

UHU2 


1*C02 

4 

UOH 

5 . 75000E4 1 3 

G . 0000 

22930 00 

8 2 

1 *0 

4 

UM20 

= 

2*011 



6 .600001 4 1 3 

0.0000 

18 36 5 . 00 

8 3 

] *H 

4 

1 *02 

- 

1 *0H 

4 

1 *0 

1 .8 90001 i 14 

0 0 01)0 

16400.00 

8 A 

1 *U 

* 

U 112 

- 

UOH 

t 

1 * H 

A . 2 0 0 0 U E < 1A 

U 1)000 

1 3/50.00 

65 

1 *11 

4 

1 *1(02 

- 

UH2 

4 

UU2 

7 . 2 8 0 0 0 E ♦ 1 5 

0 0000 

2126 . UU 

66 

1 *0 

4 

l »H02 


UOH 

4 

1 *02 

5 OOOOOE 4 | 3 

0 . oouo 

loou.no 

6 7 

1 ft|l(J2 

♦ 

1 *UH 

- 

UH20 

4 

U02 

6 OOOOOE * 12 

0 . 0000 

0 IJU 

68 

1 *H 

4 

1 *1102 

- 

2*0H 



1 3 A 0 0 0 L 4 l A 

0.0000 

10/0.00 

89 

1 *112 

4 

UH02 

= 

UH202 

4 

1 *H 

7 , 91000E4 J 3 

0 . 0000 

25000 . 00 

90 

UOH 

4 

1 *11202 

= 

UH20 

f 

1 * H02 

6 . 10000E4 12 

0 0000 

1430.00 

9 1 



2*1102 

= 

1 *11202 

4 

1 *02 

1 80000EI 12 

0 . 0000 

0 00 

92 

1 * H 

4 

1 *11202 

- 

UOH 

4 

UH20 

7 . 80000E * 1 1 

0 . 01)00 

0 00 

9 3 

M 

♦ 

1 *11202 

= 

2*0H 



1 . A A 0 0 0 E 4 l 7 

0.0000 

45510.00 

9 A 

1 *H2 

4 

UOH 

- 

UH20 

+ 

UH 

A.7AOOOEU3 

0 . 0000 

6098 . 00 

95 

1 *H 

* 

1 *02 

- 

UH02 

4 

M 

1 . A6000E 4 l 5 

0 . oooo 

1 000 . UIJ 

96 

M 

♦ 

1 *1120 

- 

1 * H 

4 

UOH 

1 . 30 00 0 E l l 5 

0 0000 

105140.00 

9 7 

1 *11 

4 

UU 

= 

UOH 

4 

M 

7 . 1 OOOOE 4 ia 

1 0000 

0 ou 

98 

M 

4 

UH2 

= 

2*M 



2 . 20U00E 4 l 4 

n oooo 

96000 OU 

99 

n 

1 

1*02 

- 

2*0 



1 .800001 4 1 8 

- 1 oooo 

1 18020 . 00 

1 00 

1»CU 

4 

1 *N2 

- 

UHCN 

4 

Utl 

1 . OOOOOEt 1 1 

0 oooo 

l9oon . no 

101 

UCH 

4 

UH2 

= 

UHCN 

4 

UH 

6 . 0 0000 E • 1 3 

0 . oooo 

5300 . 00 

102 

1 *0 

4 

UHCN 

= 

UOH 

4 

UCN 

1 A 000 01 i J 1 

0 . 6800 

16900.00 

103 

UOH 

4 

UHCN 

= 

UHNCO 

4 

UH 

A OOOOOE i 1 1 

0 . 00 00 

2800.00 

1 OA 

1 * CM 

1 

) MO 


UCO 

4 

I *IJ 

1 . 2 0 0 0 0 L i 1 3 

O 0 0 0 0 

0 . UO 


86 



TABLE D.2. — Continued, 
(o) Continued. 


105 

l «I N 

i 

1 * OH 


UNCO 

) 

I 06 

1 *M2 

* 

1 *NCO 

- 

UMNCU 

1 

107 

1 "HUGO 

* 

1*14 

_ 

UIIH2 

♦ 

I OB 

1 mi;N 

) 

1 m 02 

_ 

1 MIICO 

4 

] 09 

1 Mil 

* 

l *C02 

_ 

1 MIICO 

4 

I 10 

1 *0 

* 

UNCO 

- 

1 «N0 

♦ 

111 

112 

l*l| 

f 

UNCO 

= 

1 *112 

4 

1 * H 

♦ 

UNCO 


1 * NH 

♦ 

1 1 3 

UCH 

♦ 

UNO 

= 

UN 

4 

114 

ImCH 

♦ 

UNO 


1 *0 

4 

115 

1 mnh 


UOH 

= 

I *N 

+ 

116 

1 M M02 

■) 

UNO 

= 

1 *N02 

4 

117 

l MO 

♦ 

UN02 


UNO 

4 

118 

1 M NO 

+ 

UO 

- 

1 *1102 

4 

119 

1 * N 02 

+ 

1*11 

= 

UNO 

4 

120 

1 M NO 


] MIL 

= 

1*N 

4 

121 

1 MIJO 

L 

UO 

= 

1 * N 

4 

1 22 

1 MO 

♦ 

UN 2 

= 

1 *110 

4 

123 

1 *N 

) 

1 »M 02 

= 

2* NO 


1 24 

M 

) 

1 MN20 

= 

UN2 

4 

125 

1*0 

♦ 

UN20 

= 

UN2 

1 

126 

1 *0 

♦ 

1 *1120 

= 

2* NO 


127 

1 *N20 

t 

1 MH 

3 

1 *112 

4 

128 

1 *N02 

+ 

UH2 

= 

U NII02 

4 

129 

1M0H 

+ 

UN02 

- 

UHII03 

4 

130 

1M0H 

♦ 

UNO 

s 

1 * MIIO 2 

4 

131 

1MMN0 

♦ 

I * H 

s 

1*H2 

+ 

132 

l*H 

4 

UNO 

s 

1 *MNO 

+ 

155 

UHNO 

♦ 

UOH 

= 

UH20 

4 





ALL 

THIRD BODY 

RATIOS ARE 

MUI2 

, 93) = 

2 . 30000 

Mt 02 

, 93) s 

0 . 78000 

M( 02 

. 95) = 

1 . 30000 

M(N2 

, 95) = 

1 . 30000 

MCM2 

, 96) = 

4 . 00000 

11(02 

, 96) = 

1.50000 

M ( C 0 2 

, 96 > = 

4 . 00000 

M(H2 

, 98) - 

4 . ] 0000 

MCN2 

, 98 ) - 

2.00000 

M( 02 

,129) s 

0 .70000 


1 *11 

2 . SOU ODE l I 4 

U . OUOU 

6000 . 00 

1 KH 

1 . OOOOUE l J 4 

U . II 0 0 0 

9000 . 00 

uco 

I . 0 II II II U L i 1 4 

0 0 0IIU 

8 500 . 00 

1 *0 

5. 2 II II ODE) 1 5 

0 . II 0 III) 

1000.00 

I *co 

3 . 7 1)0 IHIE) 12 

o noon 

0 , (10 

uco 

2 . UOUOOLi 1 3 

0 0000 

0 . 00 

1 *co 

1 . 0 0 0 0 0 E > 1 5 

0 . 0000 

0 . 00 

1 *co 

2 . OOOOOE i 1 3 

0 . U 0 (1 0 

0.00 

UHCO 

1 , 6 0 000 E 4 1 3 

U . 00110 

9940 .00 

UHCN 

2.00Q00E+12 

0 .0000 

0 . 00 

1 *H20 

5 . OOOOOE) 1 1 

0.5000 

2000.00 

1 * OH 

2.090000 12 

0 . 0000 

-477 00 

U02 

1 . OOOOOE) 1 3 

0 . 0000 

596 0 0 

M 

5 . 6 2000E ) 1 5 

0 . 0000 

-1160 00 

UOH 

3.47000EH4 

0 . 0000 

1470 00 

UOH 

2 6 3000E) 14 

0 0000 

50410 . 00 

1 *02 

3 . 8 OOOOC ) 09 

1 . 0000 

41370 00 

1*N 

1 . 80000EI 14 

0 . 0000 

76250 00 


4 . OOOOOE 112 

0 . 0000 

0 00 

1 *0 

6 . 92000E) 2 3 

-2.5000 

65000 . 00 

1 *02 

1 . OOOOOE) 14 

0 . 0000 

28020 . 00 


6 . 92000E i 1 3 

0.0000 

26630 . 00 

1 *OH 

7 . 5900IIL ) 1 3 

0 . DODO 

15100.00 

1 MH 

2 . 40000E) 1 3 

0 . oouo 

29000,00 

M 

3 . OOOOUE) 1 5 

0 . 0000 

-3800 . 00 

M 

5.60000E* 15 

0 . 0000 

-1 700 . DO 

1 * NO 

5 . OOOOOE) 1 2 

0 . 0000 

0 . 00 

M 

5.40000E)15 

0 . 0000 

-600 . 00 

UNO 

3.60000EU3 

0.0000 

0 . 00 


0 EXCEPT 

1 HE FOLLOMING 




MCH20 

, 93) ± 6.00000 

M( H202 

,95) = 

6.60000 

MOI2Q 

, 95) = 21 . 30000 

M( CD2 

. 95) = 

7.00000 

M ( H 2 0 

, 96) = 20.00000 

MCN2 

, 96 ) = 

1.50000 

Mt 02 

, 98 ) = 2 . 00 Q 00 

M(H20 

, 98 ) s 

15.00000 

M{ H2 

,129) = 1.40000 





#* ULU INPUT DATA GIVEN IN CGS UNITS XX 


MM OUTPUT REQUIRED IN CGS UNITS MM 


mm ASSIGNED VARIABLE PROFILE mm 


THE AREA IS CALCULATED BY I NT ERPOL A T I ON FROM THE FOLLOMING TABLE 
STATION AXIAL DISTANCE (CM) AREA (CM*m2> 


1 

0 . OOOOOE) UO 

1 . 20000E * 0 3 

2 

5 . OOOOOE* 00 

1 1 flOOQEt 03 

3 

1 . OOQOOOOl 

1 . 16000EI 0 3 

4 

1 . 50000 E *01 

1 . 1 HOOUn 03 

5 

2 . OOOOOE* 01 

1 . 1 2 0 0 0 E * 0 3 

6 

2 . 50000E* 01 

1 . 1 0 0 0 0E* 05 

7 

3 . OOOOOE) 01 

1 . 08000E)03 

8 

3 . 20000E* 01 

1 . 06 000E • 0 3 

9 

3.40000001 

1 . 04000 E *03 

1 0 

3.60000E*Q1 

1 .02000 E +03 

11 

3 . 80000E *01 

1 . OOOOOE) 03 

12 

4 OOOOOE * 01 

9 .800001 *02 

1 3 

4 . 20000E i 01 

9.60000U02 

14 

4. 40000E* 0] 

9 .40000002 


NUMBER UF 

REACIING 

SPECIES* 

39 

NUMBER 

OF INERT 

SPECIES* 

0 


HUMBER 

OF SPECIES 

ODE'S REQUIRED 

FOR 

THIS 

CASE * 

39 

TOTAL 

NUMBER OF 

ODE'S REQUIRED 

FOR 

THIS 

CASE* 

42 


INTEGRA] ION CONTROLS 

INTEGRATION METHOD (MF)* 21 MAXIMUM RELATIVE ERROR i 1.00000E-05 SPECIES ABSOLUTE ERROR* 

MAXIMUM NUMBER 01 STEPS ALLOTTED FOR THE COMPLETE PROBLEM* 2000 


1 . OOOOOE- 1 4 


MM OUTPUT REQUIRED AT A ASSIGNED-VARI ABL E VALUES HHICH CORRESPOND TO THE FOLLOMING PRINT STATIONS mm 


STATION AXIAL DISTANCE (CM) 

1 5 . OOOOOE *00 

2 1.24954001 

5 2 . 24 36 3L ) 0 1 

4 4.30002fc)01 



TABLE D.2.— Continued, 
(o) Continued. 


#* INITIAL CONDITIONS ** 


TIME 0. OOOOOE+OO SEC 


AREA 1 . 20000E+03 SQ CM 


AXIAL POSITION O.UQOOOt+OO CM 


FL0H PROPERTIES INIEGRA1IUN INDICAIORS 


PRESSURE 

I . 7 3000 

STEPS E RUM LAST PRINT 

U 

(ATM) 

VELOCITY 

155259.65 

AVERAGE SILP SIZE 

0 . UOOOOE+ DO 

(CM/ SEC) 
DENSITY 

3 71736E0A 

METHOD ORDER 

0 

< G/CM*++3) 
TEMPERATURE 

1600 . 00 



( DEG K ) 

MASS FLOW RATE 

6 .9258 /E+QA 

TOTAL NUMUER Ul SILPS 

U 

(G/SEC) 

ENTROPY 

2 . 1223 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K) 
MACH NUMBER 

2 . 0000 

JACOBIAN EVALUATIONS 

0 

GAMMA 

1 . 2780 



LN T HAL PY 

3 . A6688E ♦ 02 



( CAl /G> 

SP. heat <cp> 

3 . 2 36ZUE-Q 1 




(CAL/G/DEG JO 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
( MOL ES/CM* » 3 ) 

MOLE FRACTION 

CHA 

6 . 55792E-07 

A 97680E-02 

013 

0 . OOOOOE+OO 

0. OOOOOE +00 

II 

0 . 000001 + 00 

0 . OOOOOE • 00 

H2 

0 .OOOOOE+OO 

0 . OOOOOE + OO 

02 

2.62317E-06 

1 . 99072E 01 

TI02 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

U 

0 OOOOOE+OO 

0 OOOOOE+OO 

OH 

0 OOOOOE i 00 

0 . OOOOOE + OO 

H20 

0 . OOOOOE+OO 

0 OOOOOE+OO 

CH ill 

0 OOOOOE+OO 

0 OOOOOE+OO 

CM/O 

0 OOOOOE 1 00 

0 . OOOOOE + OO 

C2H6 

0. OOOOOE+OO 

0 . OOOOOE + OO 

C2IIS 

0 OOOOOE+OO 

0 OOOOOE+OO 

C2H A 

0 , OOOOOE+OO 

0 . OOOOOE + 00 

CM/ 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

C/Hi 

0 . OOOOOE i 00 

0 OOOOOE+OO 

C2H2 

0. OOOOOE+OO 

0 . OOOOOE + OO 

MCI) 

0 OOOOOE i 00 

0 OOOOOE+OO 

C2H2U 

0 . OOOOOEtOO 

0 . OOOOOE + OO 

C2H 

U.OUOUUE+OO 

0 OOOOOE+OO 

CO 

O.QUOOOE+UO 

0 OOOOOE+OO 

C/HU 

O.OGOOOFiOO 

0 OOOOOE+OO 

CM 

(I.QOOUOLiOO 

D . OOOOOE+OO 

CO/ 

o.ooooo Lino 

0 OOOOOE +00 

HZ 1)2 

Q . OOOOOE 1 00 

0 . OOOOOE + OO 

NZ 

9 89802E- 06 

7 . 5 1 1 6 0 E - 0 1 

NCN 

0 . OOOOOE + OO 

0 . OOOOOE < 00 

N 

0 .OOOOOE + OO 

0 . OOOOOE l 00 

CN 

I . 317/0E- L2 

I . OOOOOE- 07 

HI ICO 

0 . OOOOOE+OO 

0 OOOOOE+OO 

NCU 

0 OOOOOE+OO 

o . ooonoE + oo 

IIII2 

0 . OOOOOE+OO 

0 . OOOOOE + 00 

NO 

0 . OOOOOEtOO 

0 .OOOOOE+OO 

mi 

0. OOOOOE + 00 

0 . OOOOOE +00 

HU 2 

0 , OOOOOE+OO 

0 . OOOOOE + OO 

N20 

0 . OOOOOE+OO 

0 OOOOOE+OO 

HM02 

0 . OOOOOEtOO 

0 OOOOOE + 00 

UNO 3 

0 . OOOOOE + OO 

0 . OOOOOEtOO 

MHO 

0 . OOOOOE + OO 

0 . OOOOOE + 00 


Ml: I SPECIES PRODUCT I ON 
RA I E CMOlE/CM**3/$EC ) 
-A.7I27AE-06 
A . 7127AE 06 
I 6A958E06 
0 . OOOOOE+OO 
-8 . 38235E-Q5 
3 . 06316E- 06 
ft 076 03E- 05 
0 . OOOOUE + OG 
0 . OOOOOE+OO 
0 . 00000E+ 00 

o . uoooor *00 
U . 000 00E* 00 
0 . U0000E* 00 
0 . OOOOOE+OO 
0 . 0U000E t 00 
0 . OOOOOEtOO 
0 . 00000E* 00 
a .oooooE+oo 

0 . OOOOOE+OO 
0 OOOOOE+OO 
0 . QOQOOE+ 00 
0. OOOOOE+OO 
0 . OOOOOE + OO 
0 . QOQOUF+ 00 
0. OOOOOE + OO 
- I 796 33E-I2 
0 . 000 00 E +00 
0 OOOOOE+OO 
-ft 076Q3E-05 
0 . OOOOOE + OO 
ft . 0 76 03E 0 5 
0 . OOOOOE + OO 
0 . OOOOOE+OO 
0 . OOOOOE + OO 

0 . OOOOOE + OO 

1 79633E-12 
0 . OOOOOE + OO 
0 . OOOOOE + OO 
0 . OOOOOE+ 00 


AC 1 1 UN 

R A 1 E CONS I 

Nl 1 

Kl AC 11 ON CONV 

JM 8 LK 

CGS UNI IS 

(MOL E 

CM** 3 /U» * 2 /‘ 

1 

1 , 9 0 8 9 E + 05 



1 . 193 / 3 E + 01 

2 

2 98 A 7 EH 2 



0 OOOOOE+OO 

3 

1 . 7 8 0 6 E + 0 6 



2 . 2 1 6 6 / E ' 0 L 

A 

A . 76 30 E + 1 2 



0 . OOOOOE + 00 

5 

5 . 17 1 A E + 1 2 



0 . OOOOOE * 00 

6 

2 . 9021 E + 09 



0 OOOOOE+OO 

7 

6 . 3000 F + 1 2 



0 OOOUOL » 00 

8 

6. 768 / E + 10 



0 . UfJUOUE + OO 

9 

1 . 25 A 8 E+ l 3 



0 . 0110 DOE + 0 0 

10 

6 . 2 A 62 E + 12 



0 . OOOOOE » 0 0 

l 1 

9 . 56 7 91 + 12 



o . uonooE + oo 

12 

2 . 8755 E + 1 3 



0 OOOOOE + 00 

L 3 

5 . 8 2 9 1 E + 12 



0 OOOUOL « 00 

1 A 

A. 1501 E + 1 1 



0 OOOOOE + 0 0 

I 5 

A . 8 0 0 0 E ♦ 1 5 



n . oooooe+oo 

16 

2 . OOOOE ♦ 1 3 



0 OOOOOE + 00 

17 

6 . D 6 51 E+ I 2 



0 OOOOOE ♦ 00 

18 

3 . 829 ] E * 06 



0.000001 l 00 

19 

3 . 2601 L * 12 



o . oooooe i no 

20 

1 . A/ 88 EH 2 



0 000001 +00 

21 

2 . 3129 E + 1 2 



n . oooooe > oo 

22 

5 . 18771+12 



0 . OOOUO f +00 

23 

1 2 7 6 8 E + 1 1 



0 0110001 + oo 

2 A 

A . 30561 + 1 2 



0 0 0 II U 0 1 i 0 0 

25 

6 . 0 U U 0 L + 1 2 



D O U U 0 01 + 0 0 

26 

3 . 30001 l 1 3 



0 . OOOOOE • 00 

27 

5 OUUUi + l 2 



0 . 000001 1 00 

28 

3 . OOOOE i 1 5 



0 OOOOOE + 0 0 

29 

3 . OOOOE + 1 3 



0 . OOOOOE + OO 

30 

1 . 0180 E+ 02 



0 , OOOOOE • 0 0 

31 

7 . 1 3201 + 1 2 



0 OOOOOE + 00 

32 

1 . 3995 E i 1 3 



o . oooool i oo 

33 

6 9692 EI 11 



0 . OOOOOE I Ul) 

3 A 

3 , OOA 9 E + 1 1 



0 . OOOOOL 1 (III 

35 

3 . 1 195 E + 1 3 



0 . OOOOOL < UG 

36 

2 , OOOOE + 1 3 



0 . OOOOOE 1 00 

57 

6 650 /Ei 1 1 



0 . OOOOOE I OU 

38 

1 2020 E + 1 2 



0 . OOOOOE < ou 

59 

1 OOOOE + 1 3 



0 OOOOOE l 1 ) 

AO 

5 . 000 Q L « 1 3 



0 . OOOOOL l 111 ) 

A 1 

3 , OOOOE + 1 3 



0 . 0000 01 l (III 

A 2 

5 . 3 3 1 1 E i 1 2 



0 . OOOOOE' (10 

A 3 

1 OOOOE + 1 3 



0 . OOOOOE 1 OU 

AA 

2 8000 E + 1 5 



0 . OOOOOE + OO 

A 5 

2 . 9193 E + 12 



0 . OOOOOE » 00 

A 6 

3 . 8 AA 5 E +12 



0 . OOOOOE + OO 

A 7 

6 . 0578 E +12 



0 , OOOOOE+OO 

AB 

A. 0385 E + 12 



0 , OOOOOE + 00 

A 9 

2 . ooont + l 3 



0 . OOOOOE + 00 

50 

1 . 2 7 A / E ■ U ft 



0 . OOOOOE I 00 

51 

5 . OOOOE i 1 5 



0 . OOOOOE 1 0 0 

52 

1 . 0 A 86 E + 12 



0 . 0 00001 l 00 

53 

2 OOOOE i 1 3 



0 . OOOOOE 100 

5 A 

A . 31 A It +05 



0 . OOOOOE i 0 0 

55 

2 . 0569 E i 1 3 



0 . OOOOOE I 0 0 

56 

7 . 1 2 7 A E l 1 2 



0 . OOOOOE I 00 

5 7 

1 . 1 6 0 A E * ) 3 



0 . OOOOOE+OO 

58 

6 0 6 0 A E + 1 (1 



o . oooooe i on 

59 

1 .20001 l 1 3 



U OOOOOL l 00 

60 

2 . 0000 E +13 



o . oooooe ■ oo 

6 1 

5 . 9987 EI 03 



0 000001 + 00 

62 

1 . 1686 E + 10 



0 . 000 0 01 1 0 0 

63 

ft ,8 5 32009 



0 . OOOOOE + 00 

6 A 

1 16861+ 10 



0 . OOOOOE+OO 

65 

3 . 7 000 L + 12 



0 . OOOOOE + 00 

66 

1 . 0000 ft 1 3 



U . OOOOOL + (10 

67 

2 . 2 A 0 5 E + 12 



0 . OOOOOE * <HJ 

6 ft 

1 . 0 A 66 E + 10 



0 . OOOOOf + 00 

6 9 

3 12/ 01 » 12 



0 . 0 01 ) out + 00 

70 

1 1726 L + 1 3 



0 . oooool + ou 

7 1 

5 . OOOOE + 1 2 



o . iiuouni * oo 

72 

A OOOOE * 1 3 



0 (J OOOOE + 00 

75 

3. 00001 + 1 5 



U . 0 0 0 0 0 E + 0 0 

7 A 

3 . OOOOE* i 5 



0 . 0 U 0 0 (1 1 ♦ 0 0 

7 b 

3 . OOOOE + 1 3 



0 uououi+ou 

76 

2 , OOOOE + 1 5 



0 OOOOOEtOO 

77 

2. 16 59 EH 2 



0 . OOOOOE + OO 

?ft 

6 60961 i IA 



(J OOOOOE + OO 

7 9 

7 .6 52 31 i 05 



u oooout + ao 

80 

3 IJAA/t i I 1 



0 . 0 0 00(11 l 0 0 

81 

A . 2 A 2 1 1 i 10 



0 . OOOOOE l 0 0 

82 

2. 1 0851 Ml 



(1 OOOUO! +00 

85 

1.08 7/(11 2 



0 0 0 01101 l 0 0 

8 A 

5 . 56 021 i 12 



0 0 0 11 0 01 ' 0 0 

85 

3 7 5021 i 1 3 



0 . 0 U 0 0 0 1 < (J 0 


INI RAM./ 
1 1 V L DIR 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
{) 
0 
u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I) 
0 
(j 
0 
0 
0 
0 
0 
0 
(I 
0 
u 
0 
0 
0 


'IMJ51 
KATE 
. onooo 
. 00000 
.00000 
. OQUUO 
.0001+0 
onooo 
oo ii no 

0 0 0 II 0 
. II 0 U II u 
01+0 (111 
. ii oo on 
ii n [j no 
. 000(10 
00000 
00 00 0 
00000 
. 00000 
ooooo 
00000 
. ooooo 
ooooo 
ooooo 
ooooo 

U 0 U 0 II 

ooooo 
ooooo 
. ooooo 
ooooo 
ooooo 
. ooooo 
ooooo 
. ooooo 
. ooooo 

, 0 U (1 0 0 

ooooo 
ooooo 
ooouo 
. onooo 
o (Mi n u 
. ono on 
o mi i) n 
. 0 0 U 0 u 
. ooooo 
. ooooo 
. 01+000 
. ooooo 
. ooooo 
. 0001+0 
. ouooo 
ooooo 
. ooooo 
ouooo 
ooooo 

OOOOO 
. ooooo 
. ooooo 
ooooo 
ooooo 

OUOUII 
ouooo 
. ooooo 
. ooouo 
ooooo 

, 0 0 0 (J 0 
. (J 000 0 

. ooooo 
. ooouo 
ooooo 
ooooo 
onooo 
ooooo 
ooouo 

. (JOQOO 
0 0 0 0 0 
. ooooo 
.0001)0 
ooooo 

. 0000 II 

ooooo 
ooooo 
ooooo 
00 0(10 
. ooooo 
ooooo 
ououu 


88 



TABLE D. 2.— Continued, 
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86 

3.6507EH 3 

0 .OOOOOF* OO 

0 . 00000 

87 

6 (10 ll II m 7 

0 . 0 00 001 » 00 

0 .00 0110 

88 

9 . 5/UBl * 13 

0 . OOOOOl * 00 

0 .00000 

89 

3. 0932EHO 

0 , OOOOOE * 0 0 

0 .00000 

90 

3.8905EH2 

0.000001*00 

0 . 00 000 

91 

1 . 8 0 0 D F t ] 2 

0 . OOOOOF* 00 

0 .000 00 

92 

7 .8000EH 1 

0. OOOOOE* 00 

D . 0 0 0 0 0 

93 

8 . 7996EU0 

O.OOOOOEtOO 

0 .00000 

99 

6 . 96 3 5E * 1 2 

0 00000E*00 

0 . 00000 

95 

1 . 9996 E * 1 5 

0 OOOOOE * 00 

0 00000 

96 

5 . 6 5 58 C * 00 

0 OOOOOE* 00 

0 . 00000 

97 

9 .937 SEU5 

0 . OOOOOE I 00 

0 . 00000 

98 

1 . 6 96 OE * 0 1 

0 . OOOOOE* 00 

0 . ooooo 

99 

8 . 5187E-02 

2 1 3082E 05 

1 . ooooo 

100 

2 . 5393E*08 

o.ooooot too 

0.00000 

TO] 

1 . 1 329 C M3 

0 . OOOOOE » 00 

0 ooooo 

1 02 

1 . 038 7E* 1 1 

0 . OOOOOE* 00 

0.00000 

103 

1 .6581 E*1 1 

0 . OOOOOE * 00 

0 . ooooo 

1 09 

1 2000EM3 

0 . OOOOOE * 0 0 

0 ooooo 

105 

3.7877EH3 

0 . QOOOOE+OO 

0 . ooooo 

106 

5. 89796* 12 

0 . OOOOOE* 00 

0 . ooooo 

T 07 

6 .90176*12 

0 ,00000E*00 

0 . ooooo 

1 08 

2 . 3369E*13 

5 . 89925E* 02 

1 . ooooo 

1 09 

3. 7000E* 12 

0 . OOOOOF* 00 

0.00000 

1 1 0 

2.000QE* l 3 

0 . OOOOOL * UU 

0 . ooooo 

1 1 1 

1 .0000 E *13 

O.OOOOOEtOO 

0 . ooooo 

112 

2.0000EH3 

O.OOOOOEtOO 

0 . ooooo 

1 1 3 

7. 02076* 1 1 

0 . OOOOOE i 00 

0 . ooooo 

119 

2 . O000E * 1 2 

0 . OOOOOE* 00 

0 . ooooo 

115 

1 . Q662EH 3 

0. OOOOOE* 00 

0 . ooooo 

116 

2. 928 36*12 

O.OOOOlJEiOO 

0 . ooooo 

117 

8 2907EU2 

O.OOOOOEtOO 

0 ooooo 

118 

8 . 0999FU 5 

0. OOOOOF *00 

0 . 000(10 

119 

2. 18596*19 

o . ouuuoi i uu 

0 . ouuno 

120 

3.42I9EI07 

0 . OUUUOL* 00 

0 . ououo 

121 

l .35896*07 

0. OOOOOF. *00 

0.00000 

122 

6 .91856*01 

o . oonoot; • uo 

0 ooooo 

123 

9 0000EM2 

o . ooonoEtoo 

0.00000 

129 

8.93766*06 

0 . OOOOOE* DO 

0 . uoooo 

125 

1.98826*10 

-1 .29992E-05 

1 . ooooo 

126 

1 . 59956*10 

0 . OOOOOE* 00 

0 . 0U00Q 

127 

6 . S717EU 1 

0 . OOOOOE* 00 

0 . OOUIlO 

128 

2.6292E+09 

0 . OOOOOE* 00 

0 . OOOUQ 

129 

9 . 9 1 29 E * 1 5 

0 . OOOOOE* 00 

0 .00000 

130 

9.S58/EH5 

0 . OOOOOE * 00 

0 . ooouu 

131 

5. OOOOEi 1 2 

o . onoiiutioo 

0 ooooo 

132 

6 . 521 5EH 5 

0 . OOOOOE* 00 

0 . 001)00 

133 

3. 6000 E *13 

0 . OOOOOE* 00 

0 . ooooo 


DERI VAT IVES < CGS UNITS). 


1.97928E+00 RHO 


1. 6 5526 E- 06 V 


-1 . /2839E* 02 


MIXTURE MOLECULAR HEIGHT 28.21102 


TOTAL ENERGY EXCHANGE RATE -1 . 27799E+ 06 
(CAL-CM*« J/G**2/SEC) 


MASS FRACTION SUM 1 . 00000000 


CPU TIME FOR INITIALIZATION OF L SENS 


2.220001 S 


TIME 1.96951E-09 SEC 


AREA 1 . 10936E* 03 SO CM 


AXIAL POSITION 2.29363E+01 CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

1 ,98509 

( ATM) 
VELOCITY 

150959.76 

(CM/SEC) 

DENSITY 

9 . 13563E-09 

(G/CMJHI3) 

TEMPERATURE 

1650.17 

( DEG K ) 

MASS FLOW RATE 

6 . 92587E+09 

(G/SEC) 

ENTROPY 

2 . 1239 

(CAL/G/DEG K ) 
MACH NUMDER 

1.9161 

GAMMA 

1.2763 

ENTHALPY 

3 . 62923E* 02 

(CAL/G) 

SP. MEAT (CP) 

3 . 2537 1E-Q1 


(CAL/G/DEG K ) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENT RATION 
(MOL E5/CM* * 3 ) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RAIE (MOL E/CMxh 3/SEC) 

REACTION 

NUMDER 

CH9 

7 . 17629E 07 

9.8951 5E 02 

-2. 5193UE-Q9 

] 

013 

3. 70822E-09 

2 . 52950E 09 

5 . Q5006E-Q5 

2 

H 

7 .00621 E-12 

9 . 77918E-07 

l .251 05E-07 

3 

M2 

7.911 12E 10 

5 . 39695E-05 

I 6601/E-05 

9 

02 

2.91155E 06 

1 .986 056-01 

-l . 96771 E-09 

5 

H02 

9.44569E-10 

6 99319E05 

7 . 301 20E-06 

6 

0 

1 .699346-11 

1 .1591 7 £-06 

2.71685E-07 

7 

OH 

9 . 16255E-1 1 

2 83992E 06 

7 . 69567E-07 

8 

H20 

7 . 120B5E-09 

9 85737E 09 

1 .6831 IE-09 

9 

CH 30 

2.43557E-11 

1 .661 39E-06 

9.92876E-07 

10 

CH2U 

9 . 35616E-09 

2.97198E 09 

1 . 031 05E-09 

1 1 

C2Ho 

1 . B1079E 09 

1 . 23516609 

9 , 30530E-05 

12 

C2H5 

2.28901 E19 

1 . 553Q0E 09 

7 .69219E-10 

1 3 

C2II4 

5.79159E-11 

3.91650E-06 

2 . 7 232 3E - 06 

19 

CM2 

1 . 33198E 1 5 

9.08297E11 

6 . 97922E-1 1 

15 

C2H 5 

6 .99639E 16 

9 . 7 7298 E- 1 1 

9. 59992E-11 

16 

C2H2 

1 .90319E-13 

9.57J62E09 

8 . 59593E-09 

17 

HCU 

9 . 83692E' 1 9 

3.29909E09 

1 . 99312E-09 

18 

C ?H2Q 

3.63527E-16 

2 47974E-11 

2.56029E1 1 

19 

C2H 

4.7I926E20 

3. 21916F- 15 

3 . 95994E-1 5 

20 


STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


29 

0 . 357 1 2E * 00 
A 


TOTAL 

NUMBER OF STEPS 

161 

FUNCT 

EVALUATIONS 

199 

JACOBIAN EVALUATIONS 

25 


RATE CONST 

NET REACTION CUIIV 

RATE 

NET RATE/POSI- 

COS UNITS 

< MOL t CH*l 3/G**2/j 

EC ) 

T1VE DIR RATE 

9.92891*05 

2.655821*01 


U .97926 

3, 3995E* 12 

9. 56536 E *01 


0 .9/996 

3.0919E*06 

2.82779E* 01 


0 . 76098 

5. 3278EH2 

3. 79/12E* 02 


0.99957 

5 . 9252E * 1 2 

9 . 95B96E * 02 


0 99829 

3 ,8178E*09 

2.907 82E * 02 


0.99910 

6 . 3000E* 12 

-9.9021 OE* 00 


0 62316 

8 . 27 90E * 1 0 

1 ,72728E*02 


1 . OOOOO 

1 .2399E*1 3 

2.67191E*02 


0 . 268 1 5 

6 , 8533E*12 

5 . 06339E- 01 


1 OUOOO 

1 0 3 1 9 E * 1 3 

1 . 8 5559E * 00 


1 OUOOO 

2.97 39E* 13 

1 .31057E*01 


1 . ooooo 

7 8 9 0 9 E 1 1 2 

1 . 5300?£*Q1 


0.99685 

9. 3539EI 11 

1 69308E 01 


0970/3 

9 . 8000E* 13 

9 97719E-05 


0 99693 

2. OOOOE* 1 5 

5. 77222E 09 


0 . 999/6 

6 . 6 6 6 5 E * 12 

1 . 572591-02 


0 99998 

8 . 1 738E* 06 

9 02252E-02 


l . OOOOO 

3 . 298 7 E * 12 

9 60939E 02 


l OOOOO 

1 .99296*1 2 

-6 .029961 -01 


0 96657 
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TABLE D.2. — Continued, 
(o) Continued. 


CO 

l . J0590E-10 

8 . 89436E- 06 

6 . 00063E-06 

21 

2 . 5361E* 12 

1 3 53/ 7 1 02 

1 .0 000 0 

C2H0 

2 . 006 56 E - 1 7 

1 . 36860E-12 

1 . 57301E-12 

22 

5.4417EU2 

3 . 10425E 02 

0.99998 

CH 

1 . 04070E-20 

7 . 09898E- 1 6 

7 . 22928 E - 1 6 

23 

1 . 7339EO 1 

1 03905E 02 

0 99930 

co<* 

1 .422] 3E 1 3 

9 , 70085E 09 

8 80828E-09 

24 

4.2953EU2 

3. 1 1 571E 02 

1 OOOOO 

H202 

8 . 54763E-1 3 

5 83063E-08 

1 03216E08 

25 

6 . OOOOEH2 

1 71843E 07 

0 99932 

M2 

1 J0117E05 

7 51U6E-01 

-9 . 52715E-11 

26 

3. 3000EW 3 

2 . 29 396 E- (16 

1 . 00000 

HCN 

4 . I0903E 15 

2 80291E 13 

1 . 90069E 13 

27 

5 . 0 0 U 0 L ♦ 1 2 

8 .515351: -11/ 

0,99995 

N 

1 .46099E-18 

9.96594E-14 

4 . 38 09 3E- 1 4 

28 

3. 0000EH 3 

-3 .2991 IE-09 

0.95281 

CM 

5. 1227 1 E- 1 8 

3.49437E-13 

1 22003E-13 

29 

3. 0000E+15 

4 . 32687 E * 1 5 

0.74712 

KMCO 

2.59465E-13 

1 . 76990E-08 

5 . 9 57 1 8 E*09 

30 

2 . 8 320E ♦ 02 

3 396666- 09 

0.99724 

MCO 

l . 1 746 1 E- 1 2 

8 . Q1242E-08 

~6 . 53991 E-09 

31 

7 .8394EM2 

1 09293E04 

1 .00000 

NH2 

2.97443E-16 

2.02896E-11 

1 . 36 082£- 1 1 

32 

1 . 5497 E * 1 3 

2. 16050E-04 

1 . OOOUO 

NO 

2. 144QIE - 1 4 

1 . 46250E-09 

3 . 66 046 E- 1 0 

33 

7 . 4 5 1 7 E U 1 

2.54429E 05 

0 . 99981 

MM 

8 . 966 06 E~ 1 5 

6 . 11605E-1 0 

1 . 6 047 2E“ 1 0 

34 

3. 0107EH1 

1 . 028 1 4£ - 0 5 

0 . 99999 

M02 

1 . 38B91E-15 

9 . 47 08 3E~ 1 1 

4 . 26 1 0 3E - 1 1 

35 

3. 1645EM 3 

2. 54226E 05 

1 . 00000 

N20 

4 . 48 392E - l 5 

3 . 0586 4 E- 1 0 

9 . 258 58 E- 1 1 

36 

2. OOOOE* 13 

2 . 29 3316 10 

0 99835 

HM02 

1 .76860E20 

1 . 20643E-15 

5.84728E-16 

37 

6 8116EU1 

2 . 32647 E- 04 

1 .0 0000 

HN03 

1 . 71978EZ2 

1 .17312E17 

7 .01640E-18 

38 

1 2Q20EU2 

2 396 12E-09 

1 00000 

UNO 

6 . 02737E-20 

4 . im8E-15 

1 .98166E-15 

39 

1 . OOOOE l 13 

4 88248E 08 

099990 





40 

5 .OOOOE* 13 

3 . 98 351 £ 08 

0 96936 





41 

3 . OOOOE M3 

4 . 68574E- 1 2 

0 . 99999 





42 

5 . 4 34 OE * 1 2 

2.84658E 12 

0 77032 





43 

l G00U6U 5 

2. 3536 11 14 

1 00000 





44 

2 8 0 0 0 L* 1 3 

-1 17593E 04 

0.97937 





45 

3.G043EO2 

2 . 566 33E 07 

0 96552 





46 

3 . 97 26 E * 1 2 

-2.76520E-05 

0 99787 





47 

6.5394EH2 

4.95944E 08 

0 . 50928 





48 

4 . 3596E + 12 

1 . 56133E 07 

0.99156 





49 

2.0000E+13 

7 .22375E-07 

1 00000 





50 

2.2625E408 

6 . 94061 E 06 

0 98456 





51 

5. OOOOE* 1 3 

2 34445E 10 

1 . 00000 





52 

1.12311*12 

4 . 6 5627 E ♦ 02 

1 . 00000 





53 

2 . OOOOE* 1 3 

1 . 99541 E-02 

1 OOOOO 





54 

9 . 3599E* 05 

3.49479E 01 

1 .00000 





55 

2 . 0806 F. * 1 3 

2.205836*01 

1 . OUOOO 





56 

7 . 4046 E * 1 2 

1 . 321316*00 

1 .00000 





57 

1 .20016*13 

5. 193996*00 

1 . OOOOO 





58 

6 5181 E*10 

6 . 1 55&6E* 00 

0.99996 





59 

1 .21876*13 

1 . 27 777E-02 

0 99991 





60 

2 .OOOOE* 13 

4 . 095S5E • 02 

1 OOOOO 





61 

1 . 440 3E ♦ 04 

4 . 577B5E 03 

0 . 99997 





62 

1 . 5254E+ 1 0 

2.31 7 04E- 0 3 

0 .99997 





63 

1 . 1 560E* 10 

4.25900E-03 

1 . OOOOO 





64 

1 . 5254E* 1 0 

1 . 37665E 0? 

1 OOOOO 





65 

3 7 0 0 0 E * 12 

-5 .2506 96 1 5 

0 , 1 4 08 9 





66 

1 , OOOOE* t 3 

1 . 7 7 1 6 OE 06 

1 OOOOO 





67 

2 , 4 3 1 9 E * 1 2 

5 51 211 t 02 

1 . OOOOO 





68 

1 . 3688ft 10 

1 810/4E 09 

1 OOOOO 





69 

3 . 3600E t 1 2 

1 088 7 71 06 

0 , 99998 





70 

1 .25661:* 1 3 

6 8 5 2 0 6 E 07 

0 99976 





71 

5 , 0000 E t 1 2 

518176111 

0 99982 





72 

4 . OOOOE* 1 3 

4 146 1 6E 1 0 

1 OOOOO 





73 

3 , OOOOE * 1 5 

2.4698/6*01 

0 . 99998 





74 

3 , OOOOE t 1 5 

1 .441596 0 4 

1 . 0 U 0 (1 (1 





75 

3 . OOOOE * 1 3 

3 , 5J120E-04 

1 OOOOO 





76 

2 . OOOOE * 1 3 

3 96236 E 0 5 

1 . OOOOO 





77 

2, 5136E* 12 

1 . 042001 * 0 1 

1 . OOOUO 





78 

6 . 8 7 39fc * 14 

1 , 305506 04 

1 OOOOO 





79 

1 . 20 7 4E * 06 

2 6/99 JE 03 

1 OOOOO 





B0 

3. 07 39EU l 

9 , 754516 03 

0 .9999 7 





81 

5.2820E* 1 0 

3. 8 0 36 IE 02 

1 OOOOO 





82 

2 51S2EU 1 

1 . 342826 01 

0.75519 





83 

1 . 27 1 8 F * 1 2 

1 .516 386*02 

0 49966 





84 

6. 3 4 15 E *12 

4 898 771: 01 

0 . 98280 





85 

3.8U68E* 1 3 

l . 318646*00 

0 89523 





86 

3 . 6 8 5 8 E * 1 3 

5 452826*00 

0.94820 





87 

3 . OOOOE* 12 

1 . 825536* 00 

0 . 99264 





88 

7.66931*1 3 

3 .741326*00 

1 OOOUO 





89 

3.86511 *10 

1 6/6196 (11 

094261 





90 

3 .9440E* 12 

-6 .9/8781 03 

0 89480 





91 

1 ,8000C*12 

9 . 382456*00 

0.99923 





92 

7 .SQQQE* i 1 

2 7 31 1 16 - 05 

0 99999 





93 

1 . 3520E * 1 1 

9 49668C*U0 

0.99992 





94 

7 . 3817E* 12 

1 . 321376*00 

0.92973 





95 

1 . 98 06 E * 1 5 

-3 . 71 788E* 01 

0 89238 





96 

1 . 54 57 O Q 1 

-1 .90679E-04 

0 931 59 





97 

4 . 3026E* 15 

4 . 31 7236 05 

D 98325 





98 

4.2473E*01 

1 .533116-07 

0 . 02648 





99 

2 . 5532E 01 

6 242956 05 

D . 9 7 9 7 9 





100 

3 . 04 5 3E * 08 

2 040446 1 0 

1 . OOOOO 





101 

1 . 1918E* 1 3 

2.823/86 0/ 

0 99941 





102 

1 . 2 4 6 8 E ♦ 1 1 

9 . 516986 09 

0 , 99468 





103 

1 . 703QFU 1 

8 1 9194 E 07 

0 . 99979 





1 04 

1 , 2000E * 1 3 

6 107 7 OE 09 

1 OOOOO 





105 

4 . 01 14EU3 

7 76 30 It 0 5 

0 .999 56 





106 

6 . 4274E * 12 

5 . 491 08 E 02 

0 . 99972 





107 

7 . 486 1 E * 1 2 

7 95644E 05 

0 99997 





108 

2. 3589 E ♦ 1 3 

9 757616 04 

047435 





109 

3 7000E*12 

8 991426 04 

1 . OUUOU 





110 

? OOOOE* 1 3 

2 3341 1 6 03 

1 OOOOO 





1 1 1 

1 . OOOOC* 1 3 

1 00 5376 - 1 0 

1 OOOUO 





112 

2 OOOOE* 1 3 

9.623326 04 

1 OOOOO 





1 1 3 

7 . 7 2 0 7 E * 1 1 

9.976016 16 

0 99044 





114 

2. 0 0 0 o i: * l 2 

2 601786 15 

0.99717 





115 

1 .103/1*13 

2 , 408396 05 

0 . 99999 





116 

2.4172E*12 

2 852506 04 

0 9966? 





1 1 7 

8 3381E* 12 

5 369391 0/ 

0 46681 





118 

8 0 U 5 1 6. * 1 5 

-2 29 5 546 0 5 

0 98923 





119 

2 . 2 1 6 4 E * 1 4 

1 .260326 05 

0 . 99982 





120 

5. 541 4E* 07 

1 46 3 321 08 

0 49669 





121 

?. 08 03 L * 0 7 

-3 951276 05 

1 OOOOO 





122 

1 . 4 344E*04 

1 569 346 0 5 

1 OOOOO 





123 

4 OOOOE* 12 

4 744006 1 4 

1 OOOUO 





124 

l . 54041 *07 

•5.043191 04 

0 98840 





125 

1 , 94546*10 

- 3 6957 76 05 

0 .99477 





126 

2. 0569E* 10 

9 163556 09 

1 OOOOO 





127 

7 . 5925EU 1 

-6 184 386 08 

0 30722 





128 

3 46286*09 

2 . 22 3426 08 

0 9998 1 





129 

9 55866*1 5 

4 . 102346 l t 

0 00092 
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TABLE D.2. — Continued, 
(o) Continued. 


9.40456*15 
5.0000E+12 
6 .48426*15 
3.6000L* 1 3 


DERIVATIVES CCGS UNITS)- 
MIXTURE MOLECULAR HEIGHT 


2.887916*00 


2 . 2Q057E-Q6 


10TAL ENERGY EXCHANGE RATE 
(CALCM**3/G**2/SEC) 


-4 . 259 59E+07 


-1 .88154E-08 
-1 .70434E-12 
1 . 20705E 08 
4 .85B55E 1 0 

-2.27804E+02 

MASS FRACTION SUM 


C.UMPUTER TIME (CPU) REQUIRED. FOR THIS STEP 


I . 649994E+00 


UP TO THIS TIME - 9.000000E+00 


TIME 2.83463E-04 SEC 


AREA 9 . 54999E+02 5Q CM 


AXIAL POSITION 4.25001E+01 CM 


FLOH PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
(G/CMM3) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG K ) 
MACH NUMBER 


5.43172E-04 


6 .92581 E+04 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 


AVERAGE STEP SUE 


0. 16567E+00 


METHOD ORDER 


TOTAL NUMBER OF STEPS 
FUNCT EVALUATIONS 


JACOBIAN EVALUATIONS 


ENTHALPY 

CCAL/G) 

SP. HEAT (CP) 
(CAL/G/DEG JO 


A . 21727E+02 
3 . 31 576E-01 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
( MOL ES/CH* *3 ) 

MOLE FRACTION 

NET SPECIES PRODUCT 
RATE (M01E/CM#*3/SI 

CHA 

3.4Q604E-Q7 

1 .75A91E-02 

-6 .38759E-02 

CH3 

1 .27900E-07 

6 .58980E-03 

1 .67191E-02 

H 

3 . 51845E-09 

1 81282E-0A 

1 .A3170E-03 

H2 

A.922IAE-08 

2.53605E-03 

3,55775E'03 

02 

3.3A688E-06 

1 . 7 2AA2E-0 1 

-6 .64194E-02 

HQ2 

5.693A8E-09 

2.933A7E-0A 

2. A2905E-0A 

0 

6 . 36 08 1 E -09 

3 . 277 3OE-0A 

2.B1115E-05 

OH 

1 .75676E-08 

9.051A1E-0A 

7 . 328 08 E- 03 

H20 

6 .7A531E-07 

3. A75A1E-02 

8 . 94642E-02 

CH30 

9 . 89933E- 1 0 

5 . 1 D046E-05 

6.96576E-05 

CH20 

5.29882E-08 

2.73013E-03 

-5.09769E-03 

C2H6 

2.91571E-08 

1 . 50227E-03 

-2.83783E-03 

C2H5 

3 . 557 38E- 1 1 

1 .83288E-06 

8 . 32677E-06 

C2HA 

7 .7098IE-08 

3.97235E-03 

7 . 7 3786 E-0 3 

CH2 

2 . 79AA6E- 1 0 

I . A3980E 05 

1 . 57683E-0A 

C2H 3 

2 . 3872AE' 1 0 

1 . 22998E-Q5 

1 . 100Q5E-0A 

C2H2 

8 .96820E-09 

A . 6207 1 E-0 A 

2 . 59896 E-0 3 

HCO 

1 . 53395E-) 0 

7 .903A1E-06 

A . 93156E-05 

C2M20 

1 . 07069E-1 0 

5.51 6 52E-06 

5 . 17763E-Q5 

C2H 

1 . AA852E'12 

7 . 46325E-08 

1 . 08 7 Q0E-06 

CO 

I .98863E-07 

1 . 02A61E-02 

3. A63A9E-02 

C2H0 

A .596A8E-10 

2. 36826E-05 

3.20759E-0A 

CM 

1 . 2A851E- 1 2 

6 . A3273E-08 

1 .27908E-06 

C02 

A. 3L797E-09 

2 . 22A76E-0A 

1 . 35990E-03 

H202 

4. 157686* 12 

2. 1A218E-07 

4. I9770E-07 

N2 

1 .AA628E-05 

7 . A5169E-01 

-2.437 52E-07 

HCII 

2.20298E-1A 

1 . 13505E-09 

1 . 5626 5E- 08 

N 

7 . A6803E-) 5 

3 .84/77E-10 

5. 38870E-09 

CN 

A . A l 5 1 3E - 1 7 

2 . 27A82E-1 2 

2.28840E-11 

HUGO 

1 . A22 AOE 12 

7 . 32866 E-OS 

-6 . 26817E-08 

NCO 

1 . 3449 SC - 1 A 

6 . 9296 A E- 1 0 

2.97262E-09 

NH2 

3 . 212AAE- 1 3 

1 . 65516E-08 

5 . 63250E-08 

NO 

A .626056- l 3 

2 58349E'0B 

1 . 60872E07 

NH 

1 . 5864 1C- ! 4 

8 . 173/3E-10 

-2.61956E-09 

N02 

6 . 3A I 1 3E 15 

3 26716E-10 

-3 . 17A38E-1 0 

N20 

6 . 29665E* 13 

3 .2AA24E 08 

1 . 559A2E-07 

HM02 

1 . 446786- 1 7 

7 . A5A29E13 

8 .412526-12 

HNO 3 

3 . 28768E 20 

1 . 6 9 392E- 1 5 

6 . 30A72E-15 

MHO 

4.464816-1/ 

2. 30041E-12 

2 . 28 086 E - 1 1 


(CTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 

JMBER 

CGS UNITS 

(M0LE-CM**3/G«*2/SEC) 

TIVE DIR RATE 

1 

4.5147E+07 

-2.98324E+03 

0.74678 

2 

6 . 2505E+12 

1 .95450E + 04 

0.76983 

3 

5 . 77Q3E+07 

-1.020296+03 

0.82067 

4 

9 . 86 34E + 1 2 

7 . 00746E+04 

0 . 967 48 

5 

7 .0592E+12 

1 . 340326 + 05 

0.93620 

6 

1 .7233E+10 

2 . 31 976E + 04 

0.92778 

7 

6 3000E+12 

-3 . 74404E+04 

0.43831 

8 

2 . 4945E+ 1 1 

1 .624486 + 04 

1 . OQO00 

9 

1 .1491E+13 

6 .62632E+0A 

0 .10401 

10 

1 .14106*15 

3.96710E+03 

0.99994 

11 

1.55806*13 

9 . 7 9384E+ 03 

0 . 99999 

12 

3 . 5782E+ 1 3 

6.21209E+04 

0 . 99998 

13 

3.9979E*13 

7 .566676+04 

0.60876 

14 

5 , 66 1 6 E * 1 1 

1 .66776E+02 

0.72996 

15 

A .800 06*1 3 

2 . 01 363E+01 

0.98885 

16 

2. OOOOE+1 3 

2 .421 56E+03 

0.99948 

17 

1 . 1428 E* 1 3 

1 . 04976E+04 

0.99904 

18 

5.2753E+08 

2.675556*03 

0.99999 

19 

3.51B9E+12 

1 . 61 502E+04 

0.99973 

20 

1 .56966*12 

6 . 8 3922E + 0 3 

0.94914 

21 

2.48116*12 

4 . 12407 E + 0 3 

1 .00000 

22 

7 . 07706*12 

1 . 17617E+04 

0 . 99986 

23 

9.31846*11 

1 .45445E+04 

0.99390 

24 

4.23926*12 

1 . 14802E+04 

1 . 00000 

25 

6.00006*12 

1 .70753E+01 

0.99964 

26 

3.30006*13 

1 .69843E+02 

1.00000 

27 

5. 0000 E* 12 

7 . 10657E+01 

0 . 99990 

28 

3.0000E+13 

6 . 65805E +00 

0.98154 

29 

3.00006*13 

3.49208E-02 

0 99316 

30 

7 .83626+04 

4 .99331E03 

0 10801 

31 

1 . 31826+13 

2. 54882E+03 

1 . 00D00 

32 

2.71 35E* 1 3 

5. 24583E+03 

0 .99986 

33 

1 0765EH2 

5.66568E* 02 

0 . 98559 

34 

3. 0425E* 11 

1 .62444E+02 

0.99985 

35 

3 . 424 1 E + 1 3 

5 . 62223E+ 02 

0 . 99925 

36 

2 .00006*13 

1 69326E+ 00 

0.98159 

37 

7 . 7680E* 1 1 

4 . 05041 E+03 

1 . 00000 

38 

1 .20206+12 

1 . 1911 5E+ 0 1 

1 . 00000 

39 

1 . OOOOE + l 3 

2.73693E+02 

1 . 00000 

AO 

5. 0000E+13 

2.731286*02 

0 99654 

A L 

3 . OOOOE* 1 3 

1 . 306086*01 

l . 00000 

42 

6 .0362E+12 

2.624136*00 

0 99856 

A3 

1 . 0000E+1 3 

7 . 16 1 04E+00 

1 . 00000 

AA 

2.8000E+13 

1 71727EI02 

0.96201 

45 

3.5173E+12 

-1 .704516*01 

0 43186 

46 

4.7567E+12 

-8 . 54544E- 0 1 

0 .12334 

A? 

9 . 9567E+1 2 

-6 .80)296+01 

0.84251 

48 

6.63786+12 

1 . 57425E * 00 

0 . 10300 

49 

2 . OOOOE + 13 

A . 61667E+01 

1 00000 

50 

5 . 2959E+ 09 

2.32358E+01 

0.62293 

51 

5 . OOOOE + 13 

1 . 56 1 46 E * 00 

1 . 00000 

52 

1 .6 3706+ 12 

1 .838266*04 

0.99999 

53 

2. OOOOE +13 

2.561096*02 

1 . 00000 

5A 

6 . 6 054E+ 0 7 

2.29953E*02 

0.99871 

55 

2.2160E+13 

6 . 991 78 E* 04 

0 99998 

56 

9.13196+12 

5.7701 5E+ 03 

0.99993 

57 

1 .44316+13 

1 .6A862E+0A 

0 . 99999 

58 

9 8203E+ 10 

2 . 25505E + 0 3 

0 . 99967 

59 

1 . 3395E+13 

8 . 90699E* 02 

0 . 99993 

60 

2.0000E+13 

A . 9 3423E+ 04 

0 . 99958 

6 1 

1.77A2E+06 

9 , 99327E* 00 

0 .66944 

62 

6.68276*10 

9.996 56E + 01 

0 .9807 3 

63 

5.0739E+1 0 

1 . 39529E ♦ 02 

0.99728 


< 2 - 3 1 
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TABLE D.2. — Continued, 
(o) Concluded. 


DLK I VA I IVES ( CG5 UN l T S > * T 
MIXTURE MOLECULAR WEIGHT 


compuier time tcru> required 


( L SENS ) 


< LSENS ) 


2.54Q3QE*Q2 RHO 


64 

6 . 6627E+1 0 

5 . 06 21 5E* 02 

0 99466 

65 

3 7000E+12 

6 . 76047E-02 

0 99995 

66 

1 QQ0QE U 3 

1 . 4 1 6 3 1 E ) 0 2 

1 . 00000 

67 

3 8536EM2 

1 . 221 59E * 04 

1 . 00000 

6 & 

6 . 0625E* 10 

3 . 6 42 1 5E -01 

0 . 99718 

69 

5 . 0357 E H 2 

8 . 33265EMH 

0 ,99447 

70 

1 .8626Etl3 

6 . 08322E+01 

0 . 98004 

71 

5. OOOOE+12 

1 . 32337E t 00 

0 , 99997 

72 

4 . Q000E4 1 3 

1 . 05872EKU 

1 . 00000 

7 5 

3. 0000EU 3 

5.21839Ef04 

0 , 99963 

74 

3 . 0 DOOEH 3 

9.921 30E+01 

1 00000 

75 

3 . 000 OE * 1 3 

2.74011E402 

I 00000 

76 

2 . OOOOCU3 

3.65B57E*Q1 

0 , 99998 

77 

5.6970E* 12 

5 . 74726 E * 04 

0 . 99974 

78 

8 . 526 6 E* 1 4 

7 . 095D7E* 01 

0.99998 

79 

1 . 4800E ^ 0 7 

3.338 36E<01 

0 . 99992 

60 

3. 2398E+1 l 

3 .82864E* 05 

0 .99801 

61 

1 . '625EH 1 

6 . 76 362E* 02 

1 .00000 

82 

6 . 5974EU1 

4 . 70486E»05 

0 . 49038 

83 

3, Oil 1E+12 

1 . 1 5308E » 0 5 

0 . 95944 

84 

1 . 3062EH 3 

1 . 19028E» 04 

0,85874 

85 

4 . 2568 E < 1 3 

2. 7 7096EI05 

0 95872 

86 

3.8846LU3 

4 . 74054E • 0 5 

0 . 99417 

87 

8 . UOUOt* 12 

2.66107E105 

0.98856 

88 

1 . 0229EU4 

6 . 94330EI 03 

0 . 99976 

89 

1 4379EM1 

1 . 34325E* 02 

098351 

90 

4 . 2 5 1 8 E ♦ 1 2 

-1 .66421E401 

0 . 9405) 

91 

1 . BOQQE ♦ 1 2 

1 . 976 32E* 02 

0 . 99932 

92 

7 . BOOQEM l 

3 . 8 5206 E - 02 

0 . 99602 

93 

1 . 4779E+12 

3 . 47 1 3SE+ 02 

0 .75391 

94 

1 . Q170EH 3 

2 . 1 5446E»04 

0 . 72280 

95 

1 8792EU5 

-1 . 18888E* 03 

0.29180 

96 

3. 9 7 87 E » 0 3 

-2 . 22968 E+ 0 1 

0 . 98384 

97 

3. 5612E+15 

5. 19979 E)00 

0.99177 

98 

6 . 5929E+03 

-8 31 9 5QE-0 l 

0.94171 

99 

1 . 3434E + 02 

-9 . 0204 3E - 02 

0.79701 

1 00 

8 . 26 52E *- 06 

5. 05851E-02 

1 . 00000 

101 

1 . 57 46 E < 15 

-1 .64104E-05 

0.12395 

1 02 

3. <463EU1 

1 .43426E-04 

0 87625 

103 

1 . 7730EU 1 

-2 . 53547E-03 

0 . 907 38 

104 

1 . ? 0 0 0 E ♦ 1 3 

1 . 14214E-05 

0 . 9999 0 

105 

5. 'i96 3E + 1 3 

-8. 3352OE-04 

0 85221 

106 

1 . U314EM 3 

-1.901 00 E- 02 

0.45097 

107 

1 . I702E* 1 3 

1 . 90909E-01 

0.96180 

108 

2. 'i862E*13 

9. 03448E-03 

0 .72554 

109 

3. ’OOOEl 12 

-8 . 1 30I1E-03 

0 . 9997 1 

1 10 

2 . HOOOE+13 

5.79929E-03 

1 .000 0 0 

1 1 1 

1 . ) 00 0 E * 1 3 

3 . 398 1 6 E - 09 

0.99817 

112 

2. 1Q00EM 3 

3 . 206 08 E- 0 3 

0.99945 

1 1 3 

1 . 101 7EU2 

2 . 54700E-06 

0 . 99951 

1 1 4 

2. )000Efl2 

3.91488E-06 

0 . 99991 

115 

1 . S476EH 3 

1 .20849E02 

0 . 94934 

116 

2. 1574E+I2 

1 . 97 377E-02 

0 . 9378B 

1 1 7 

8.-033EU2 

1 . 06576E-03 

0.90613 

1 18 

7 . ; 31 7 E+ 1 5 

-1 . 69459E-03 

0 53754 

1 1 9 

2. : 944 E+ 1 4 

I 80375E-02 

0.99619 

120 

7 . ii 36 2E + 08 

-2 . 1 3842E-02 

0 . 99980 

121 

2 .1 08 E t 08 

-2.68944E-01 

0.99999 

122 

7 .N865E + Q5 

2.45908E-01 

1 . 00000 

123 

4.UO00EH2 

6 . 42033E- 1 0 

1 00000 

124 

2.M225Et08 

-5 . 28373E-01 

0.97760 

125 

8 * 8 20 E » I 0 

-9 .28385E-03 

0 , 88966 

126 

8. 363EM0 

1 .13167E03 

1 . 00000 

1 27 

1 .< 788E+12 

7 . 97228E-0 3 

0 . 6 3240 

1 26 

1 . 5896EU0 

1 . 57207E-05 

0 . 95485 

129 

7 .E284EU5 

2 . 1 3693E-08 

0 . 00039 

130 

8 . e 008E + l 5 

1 . 27928E-05 

0 002/8 

131 

5.(>00QE»12 

2.4532LE-06 

0.92148 

1 32 

6 . 2830E H 5 

1 . 7 338 5E -04 

0 25773 

1 33 

3 t 0 0 0 E H 3 

9 . 36237L 05 

U. 97825 

4 . 6 129SE- 

05 V 

-9 . 94097E+03 



27.9S600 TOTAL ENERGY EXCHANGE RATE -1.2565IEUU 

(CAL-CMx*3/Gxx2/SEC) 


MASS FRACTION SUM I .0000000] 


• FOR THIS STEP - 5 . 866669E+0G S 


UP TO THIS TIME 


1 . 396667E+G1 S 


END l)E l HI S CASE 


SUMMARY UP COMPUTATIONAL WORK REQUIRED FOR PRjBLLM^ 


10TAL 

NO. 

OF STEPS - 

2 9 

101 AL 

NO. 

OF DERIVATIVE EVALUATIONS 

3 : 9 

r o i a i 

NO. 

OF JACOBIAN EVALUATIONS - 

18 

IUTAL 

CPU 

TIME - ] 

.3.96667 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 16.533325 S 


READ DATA FOR NEXT CASE 


92 



TABLE D.2 — Continued, 
(p) Case 16 


** DATA LINES ** 

1 2 3 A 5 6 7 8 

CC 1234 567890 12345678901 23456 7590 1234 56 78901 2 3*567 89012 34 5678901 254567590123*56 7*90 


L SENS METHANE - AIR WITH TAB. AREA PROFILE OF CASE 15, BUT PRINT ASS1G; CASE 16 
REPEAT 

DISTANCE AREA 

Aprob xtb = 0.0, 5. 0,10. 0,15. 0,20. 0,25. 0,30. 0,32. 0,34. 0,36. 0,38. 0,40. 0.42, 0,44,0, 
atb = 120 0.0, 11800, 1160. 0,1140. 0,1120. 0,1100. 0,1080.0, 106 0.0, 1040. 0,1020.0, 


1000. D 

1, 980.0, 960.0 

, 940.0, 


print = 

5.0, 12.4954, 

22.4363, 

43.0002, Aand 

As tar t 

t-1600 . 0 , roach 

=2.0, p=1 

.7 30, Aand 

CH4 

0 . 049768 



02 

0 . 199072 



N2 

0.75116 



CM 

0.0000001 



END 




Aid lvar 

imax : 1 . OE-5, 

atolsp=l . 

OE-1 4, Aand 

FINIS 





** INITIAL CONDITIONS ** 


TIME O.OOOOOEtOO SEC 


AREA 1 . 20 00GE + 0 3 SO CM 


AXIAl POSITION O.OOOOOEtOO CM 


f l OH PROPER MES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VEt OCI I Y 
(CM/ SEC) 

DENSI T Y 
(U/CIUK3) 
TfNI'l NATURE 
( Di.CS K ) 

MASS MOM RATE 
(G/SLC) 
ENTROPY 
(CAl/G/DEU K) 

MACH NUMBER 


1 .73000 
155259.65 
3. /17 36E-04 
1600 . QU 
6 92587 fc* 0 9 
2. 1223 
2 . 0000 


STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


0 

0 . OOOOOEtOO 
0 


TOTAL NUMBER 01 SILPS 0 
FUNCT EVALUATIONS 0 
JACOBIAN EVALUATIONS 0 


GAMMA 


1 . 2780 


LNTHAIPY 5 . 46688 E * U2 

( C A l. / G ) 

SP. HLAT (CP) 3.2382UE-01 

(CAl/G/ULG K) 


CHEMICAL PROPERTIES 


SPLC1LS 

CUNCINI RAT KIN 

NUt L FKACI I UN 

NL 1 SI'LL 1 IS PKUDUCI ION 

KIACI ION 

RAIL CONS 1 

Nl. 1 RLAC1 ION COMV RA 1 L 

NL 1 RAIE/PUS) 


(MOL ES/CM** 3 ) 


RATE (MOl E/CM*«3/StC) 

NUMBER 

CGS UNI IS 

<MQLE-CM*A3/UK«2/SEC) 

TIVE DIR RATE 

CM4 

6 . 55792E - 0 7 

4 , 97680E 02 

-4 . 71274E-06 

1 

1 . 9 0 8 9 E t 0 5 

1 . 19373Et0l 

1 OOOOU 

CH5 

O.OOOOOEtOO 

0 OOOOOE t OO 

4 . 71274E 06 

2 

2 ,9847tt 12 

O.OOOOOEtOO 

0 . 00000 

H 

o . ouoont 4 oo 

0 OOOOOE* 00 

1 . 6 49 58E- 06 

3 

1 . 7806E* 06 

2 . 2 1 66 7 E * 0 1 

1 . 00000 

M2 

0 . 0000UE * 00 

0 . OOOO OE ♦ 00 

0 . OUOOUEtOO 

4 

4 . 76 30E* 12 

0 . OOOOOE* 00 

0 . 00000 

02 

2.6231 7E-06 

1 99D72E 01 

- 8 . 38235E-05 

5 

5, 1714Et 12 

O.OOOOOEtOO 

0 00000 

M02 

0 . 00000E4 00 

0 OOOOOE* 00 

3 . 06316 F. - 06 

6 

2.9021E+09 

0 . OOOOOE * 00 

o oonoo 

0 

0 . OOOOOF * 00 

0 . OOOODE*O0 

8 . 07603E-05 

7 

6 . 3000E* 12 

0 . OOOOOE t 00 

0 00000 

OH 

0 . 00000E400 

0 00000 E ♦ 00 

0 . OOOOOEtOO 

8 

6 7 68 7 E 1 1 0 

O.OOOOOEtOO 

0 . 0 D 0 U U 

H 2 Q 

0 . OOOOOE* 00 

0 OOOOOE* 00 

0 .OOOOOEtOO 

9 

1 .2548E+1 3 

0 .OOOOOEtOO 

0 OODOO 

CH 30 

O.OOOOOEtOO 

0 . OOOOOE* 00 

0 . OOOOOE * 00 

1 0 

6 2462E * 1 2 

0 . OOOOOE* 00 

0 . OODOO 

CH20 

0 . OOOOOE 400 

0 . OOOOOE * 00 

0 OOOQOttOO 

1 1 

9 . 5 6 7 9 E * 12 

0. OOOOOE *00 

0 00000 

C 2M6 

0 . OOOOOE* 00 

0 . OOOOOE* 00 

0 OOOOOEtOO 

12 

2 , 8 755Et 1 3 

o . uooonE* oo 

0 ooouo 

C2H5 

0 . OOOOOE* 00 

0 . OOOOOE *00 

O.OOOOOEtOO 

13 

5 8291Et 12 

0 . OOOOOE* DO 

0 00000 

C2H4 

0 . OOOOOE* 00 

0 . OOOOOE *00 

0 .OOOOOEtOO 

14 

4 . 1 50 1 E 1 1 1 

0 .OOOOOEtOO 

0 00000 

CM2 

0 . 0000DE* 00 

0 . OOOOOE * 00 

O.OOOOOEtOO 

1 5 

4 . 8000EM 3 

O.OOOOOEtOO 

0 00000 

C2M 3 

0 .OOOOOE t 00 

0 . OOOOOE*Oa 

0 OOOOOEtOO 

16 

2 OOOOEtl 3 

0 . OOOOOEtOO 

0 OODOO 

C2M2 

0 . OOOOOE* 00 

0 . OOOOOE* OO 

O.OOOOOEtOO 

17 

6 . 06 5 1 E * 1 2 

0 . OOOOOE * 00 

000000 

MCU 

0 . OllOOOE* 00 

0 . OOOOOE *00 

o . oaouuEt oo 

18 

3 8 29 1 E t 06 

0 . OOOOOE* 00 

0 ooouo 

C2H2Q 

Q . OOOOOE t 00 

0 . OOOOOEtOO 

0 .OOOOOEtOO 

19 

3.2601E* 1 2 

0 . OOOOOEtOO 

0 00000 

C2M 

0 . OOOOOE tOO 

0 OOOOOE ♦ 00 

0 OOOOOEtOO 

20 

l . 4 78 8 E * 1 2 

O.OOOOOEtOO 

0 00000 

CO 

0 .OOOOOE 100 

0 . OOOOOE.* 00 

0 . OOOOOEtOO 

21 

2 31 291 * 1 2 

D . 0001 ) 01 : too 

0 00000 

C2MO 

O.OUOIIUEtOO 

0 . OOOOOE • 00 

Q.OOUOOEtOO 

22 

5 . 1 8 7 7 E t 1 2 

O.OOOOOEtOO 

0 00000 

CH 

0 . OOOOOE* 00 

0 . OOOOOE ♦ 00 

0 . OOOOOEtOO 

23 

l . 2768E 1 1 1 

0 . OOOOOEtOO 

0 . 00000 

Cl) 2 

0 . OOOOOE* 00 

0 OOOOOE ♦ 00 

0 OOOOOF tOO 

24 

4 30 56 E 1 1 2 

0 . OOOOOEtOO 

0 00000 

H202 

0 . OOOOOE * 00 

0 . OOOOOEtOO 

U.UOUOUEtUO 

25 

6 . 0000 E * 1 2 

0 . OOOOOL * 00 

0 . 00000 

N2 

9 . 89802E-06 

7 . 51 160E- 01 

-1 . 79633E-12 

26 

3 . 30 00 E * 1 3 

0 OOOOOEtOO 

0 . 01)1100 

1ICN 

0 . OOOOOE *00 

0 .OOOOOE * 00 

0 . OOOOOEtOO 

27 

5 . OOOOEt 12 

0 . OOOOOE* 00 

0 00000 

N 

0 . OOOOOE * 00 

0 .OOOOOE * 00 

0 . OOOOOEtOO 

28 

3 .OOOOEtl 3 

0 . OOOOOE i 00 

0 ooouo 

CN 

1 . 31 770E- 12 

1 . 000Q0E-07 

8 07603E-Q5 

29 

3 . OOOOEtl 3 

0 . OOOOOE * 00 

0 . 00000 

UNCO 

0 . OOOOOE * 00 

O.OOOOOEtOO 

0 , OOOOOEtOO 

30 

1 . 0180E*02 

0 . OOOOOE * 00 

0 . 00000 

NCO 

a oooooe • oo 

0 . OOOOOE * 00 

8 . 07603E-0 5 

31 

7 . 1 320C* 12 

0 . OOOOOE ♦ 00 

0.00000 

MM2 

0 .OOOOOE*QO 

0 . OOOOOE* 00 

0 . OOOOOE* 00 

32 

1 . 3995E 1 1 3 

0 . OOOOOE > 00 

0 00000 

NO 

0 . 0000 OE * 00 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

33 

6 . 96 9?E * 1 1 

0 . OOOOOEtOO 

o ooona 

NH 

0 . OOOOOE *00 

0 . OOOOOE* 00 

0 . OOOOOEtOO 

34 

3 . 004 9 E * 1 1 

0 OOOOOE * 00 

0 OOOOC 

N02 

0 . OOOOOE* 00 

0 . OOOOOEtOO 

0 . OOOOOE* 00 

35 

3 . 1195E* 1 3 

0 . 000001*00 

0 00000 

1120 

0 . OOOOOE* 00 

0 .OOOOOEtOO 

1 . 7 96 3 3E- 1 2 

36 

2 . OOOOC * 1 3 

0 .OOOOOE * 00 

o oonoo 

HN02 

0 . OOOOOE * 00 

0 OOOOOE* 00 

0 OOOOOEtOO 

37 

6 . 6 50 7 E * 1 1 

0 .OOOOOEtOO 

0 OOOOG 

MHO 3 

0. OOOOOE *00 

0 OOOOOE* 00 

0 . OOOOOEtOO 

38 

1 .2020T* 12 

0 . OOOOOE * 00 

0 00000 

UNO 

0. OOOOOE* 00 

0 . OOOOOE *00 

0 . OOOOOEtOO 

39 

1 .00001 * 1 5 

0 . OOOOOE * 00 

0 00000 





40 

5 . U 0 0 0 L t 1 3 

O.OOOOOEtOO 

0 ooouo 





41 

3 OUOOE* 1 5 

0 . OOOOOE * 00 

0 . 00000 





42 

5 3311EI 12 

0 . OOOOOE » 00 

0 . 00(100 





43 

1 . OOOOEtl 5 

0 . OOOOOE * 00 

0 . 00000 





44 

2.8000EU3 

0 . OOOOOE * 00 

0 00000 





45 

2. 9195t*)2 

0 OOOOOEtOO 

0 00000 





46 

3 . 8 4 4 5 E O 2 

0 . OOOOOEtOO 

0 00000 





47 

6 0578E*12 

0 OOOOOEtOO 

0 00000 





48 

4 . 0 385E* 12 

0 . OOOOOE * 00 

0 00000 





49 

2 00001*13 

0 OOOOOE *00 

u . noooo 





50 

1.2/471 *08 

0 OOOOOE * 00 

0.00000 


93 



TABLE D.2. — Continued, 
(p) Continued. 


UtKIVAl IVtS (CGS UNI IS) » T 
MIXTURE MOltCUlAR HEIGHT 


1.97928EC00 KHO 


51 

) .OOOOE i 13 

0 OOOOOCiUO 

0 00000 

52 

i . 0986 E » 1 2 

0 . OOOOOE > 00 

0 . 00000 

55 

2 .OOOOE* 1 3 

0 . OOOOOE * 00 

0 . 00000 

59 

9 . 3 1 9 1 E * 0 5 

0 OOOOOE * 00 

0 . 00000 

55 

2 . 056910 3 

0 OOOOOE t 00 

0 . 0001)0 

56 

7. ) 2 7 9 L * 1 2 

0 . OOOOOE *00 

0 ooooo 

57 

11 6 0 9 E i 1 3 

0 OOOOOE *00 

0 ooooo 

58 

6 . 0609m 0 

0 OOOOOE l 00 

0 01)0 00 

59 

1 . 2UUUI. * 1 3 

0 . OOOOOE * 00 

0 , ooooo 

60 

2 . OOOOE* 1 3 

0 OOOOOE t 00 

0 . ooooo 

6 1 

■> . 998/L* 03 

0 . OOOOOE *00 

0 ooooo 

62 

1 . 16861 * 10 

0 OOOOOE * 0 0 

0 . ooooo 

63 

8.8*121*09 

o . oooooe i an 

0 OOOOO 

69 

i . 168oL* 10 

0 . OOOUOElOO 

0 . ooooo 

65 

5 . 7 000E* 12 

0 . OOOOOE l 00 

0 ooooo 

66 

. . OOOOE* 1 3 

0 OOOOOE* 00 

0 ooooo 

67 

2 . 29051* 12 

0 . OOOOOE 1 UO 

0 . ooooo 

68 

09661 • 1 0 

o oooooi i on 

0 . 000(10 

69 

5. 12701*12 

o ooo uni * dij 

0 . 01)000 

70 

. 1/20 HI 3 

0 . OOOOOE* 00 

0 . ooooo 

71 

9 . 00001 * 12 

0 . 0000 OE too 

0 . ooooo 

72 

‘i . OOOOE* 1 3 

o o u ci o ii i tun 

0.00000 

7 5 

5 . OOOOE * 1 3 

o . ooo mu i no 

0 . ooooo 

7 9 

1 . UOOOL * 1 S 

o ooo mil « no 

0 . 0 00(10 

75 

I OOOOE * 1 3 

o oooooi * no 

0 ooooo 

76 

2 . OOOOE* 1 5 

U.OOUOOEtOO 

o ooonu 

77 

2 . 1659E ♦ 12 

0 OOOOOI *00 

o . ooo no 

78 

<; . 6 0 9 6 E * 19 

o . noun nr t no 

o . onmiu 

79 

V , 6 5231 *05 

o omimiLtoo 

0 . 0 II U II u 

80 

1 . 0997 E* 1 1 

0 . 000001*00 

U . UUOIIO 

8 1 

9 . 29 2 1 F * 10 

0 . 000001*00 

n . o o o i) o 

82 

2. 1 08 5f * 1 1 

u . OOOOOE * 00 

n . uuuiiij 

85 

08/21* 12 

0 . OOOOOI * 00 

u ii ii ii no 

89 

5. 56021* 12 

0 . OOOOOE 1 00 

n uuuun 

85 

.» , 7 3 0 2 L * 1 3 

0 00 OOOE * 00 

o ooooo 

86 

5 . 6 50 7 E ♦ 1 3 

0 . 0(1 11 HUE* UU 

0 ooooo 

87 

0 . UD00I * 12 

o . oooooi * on 

0 . ooouo 

88 

9 . 57 08 1 * 1 3 

0 . OOOOOE < UO 

0 ooouo 

89 

1 . 0932E* 1 0 

0.000001*00 

0 ooooo 

90 

3 . 890 5E ♦ 1 2 

o. oooooe ton 

0 . 0000(1 

91 

-8000E* 12 

o ooauuh i ou 

0.00000 

92 

2 . 8 0 OOE * 1 1 

O.UOUUUKtUD 

0 . ooouo 

93 

R .7996E* 10 

0000006*00 

0 ooouo 

99 

o , 9635E* 12 

0 . OOOOOE 1 00 

0 ooooo 

95 

1 . 9996 E * 1 5 

Q . OOOOOE* 00 

0.00000 

96 

5 . 6 5 58E * 00 

0 . OOOOOE* 00 

0 . UQOOO 

97 

h 9375E* 15 

0 . OOOOOE * 00 

0 . DODOO 

98 

. 6 96 OE » 0 1 

0 . OOOOOE * 00 

u ooooo 

99 

t. . 5 1 8 7 E - 0? 

2 1 508 2 E 1)5 

1 ooooo 

100 

2 . 5 39 5E * 08 

o . oooooi; too 

0 ooooo 

101 

. 1 3 2 9 E * 13 

0 OOOOOE * 00 

0 . ooooo 

102 

. 0387E* 1 1 

0 . OOOOOE: * UU 

0 . ooouo 

103 

. 6 58 1 E 1 1 1 

o . oooooe i oa 

0 ooooo 

1 09 

2000EI ] 3 

0 . OOOOOE I 0 0 

0 . ooooo 

105 

. 7 8 7 7 E 1 1 3 

0 . OOOOOE* 00 

0 ooooo 

1 06 

1 . 8979EH2 

o . oooooe * on 

0 0 0 0 Cl 0 

1 07 

t , 90 1 7 E I 1 2 

0 OOOOOE 1 Oil 

0 . UOGOQ 

108 

2 . 3 3 6 9 E * 1 3 

5 89925E 1 02 

1 . ooooo 

1 09 

. . 700UF » 1 2 

o oouo or i uo 

0 . 0000 0 

110 

2 . OOOOE * 1 3 

U OOOOOE 1 UO 

0 . ooooo 

1 1 1 

: , OOOOE* 1 3 

0 . OOUOUL 1 UU 

0 ooooo 

112 

2 . OOOOE * 1 3 

0 . OOOGUL l OU 

0 . ooooo 

113 

7 . 0 20 7 E * 1 1 

0 . OOOOOE 1 Oil 

0 0(1000 

1 19 

200001*12 

0 . 0 OOOOE 1 UU 

0.00000 

1 15 

1 . 06621 * 1 3 

0 . 0 0 II II III I 110 

0 . ooouo 

116 

i . 928 31 * 12 

0 . nouuui * oo 

U . 0 1) U U 0 

117 

l . 290/E < 12 

0 . UODOOL * 00 

0 . ooooo 

1 1 8 

1 . 0999E * 1 5 

0 . OOOOOE* 00 

D . OOOOU 

119 

i . 1859E *19 

0 . UODOOL • OU 

0 ooooo 

120 

: . 9 2 1 9E * 0 / 

0 . U 0 OOOE * 00 

0.00000 

121 

J . 3589E * 0/ 

o . uoooor » no 

0 0001)0 

122 

i 9185E* 03 

0 OOOOOE 1 00 

0 ooooo 

123 

<■ . OOOOE * 12 

0 . OOOOOE * 00 

0 . ooooo 

129 

t . 93/6E*06 

0 OOOOOE * 00 

0 . ooooo 

125 

1 , 9882E* 10 

- 1 29992E 0 5 

1 . ooooo 

126 

1 5 9 9 5 E * l 0 

0 OOOOOE * 00 

0 . ooooo 

127 

i 5 7 17 E *1 1 

0 OOOOOE * 00 

0 . ooooo 

128 

; 6 ? 9 2 E * 0 9 

0 OOOOOE « 00 

0 . ooooo 

129 

,91291* 15 

0 . OOOOOE « 0 0 

0 00(100 

130 

*. 5 58/1 * l 5 

0 . OOOOOE * 0 0 

0 . ooouo 

131 

S , OOOOE * l 2 

0 oooooi I 0 0 

0 . ooooo 

132 

L , 52151 * l 5 

0 OOOOOE* 00 

0 ooooo 

1 53 

- T 6 OOOE * 1 5 

0 OOOOOI * 00 

0 . ooouo 

1 . 6 5 526 E 

-06 V 

1 . 728 59 E 1 112 



28 . 211U2 


TOTAL ENERGY EXCHANGE KATE -1.27/99EIU6 
(CALCM*a3/G**2/$EC> 


HASS f K AC I 1 UN SUM 1 uoooouuu 


CHU MMt f UK INI) I At T2ATIUN Of LStNS = 1.C69992 S 



TABLE D.2. — Continued. 

(p) Continued. 

TINE 1 .96951E09 SEC AREA 1.109366*03 SO CM AXIAL POSITION 2.293636*01 CM 


FLOW PROPER! 1ES INTEGRATION INDICATORS 


PRESSURE 

1 . 98509 

STEPS FROM LAST PRINT 

29 

(ATM) 

VELOCITY 

150959.76 

AVERAGE STEP SIZE 

0 357 1 2E* 00 

CCfVSEC) 

DENSITY 

A . I 356 3E- 09 

METHOD ORDER 

9 

(G/CN**i) 

TEMPERATURE 

L 6 SO . 1 7 



(DEG K ) 

MASS HOH RATE 

6 .92587E+09 

TOTAL NUMBER OF STEPS 

16 1 

TG/SEC) 

ENTROPY 

2.1259 

TUNC! EVALUATIONS 

199 

(CAL/O/DEli K) 
MACH NUMBER 

1 .9161 

JACOBIAN EVALUATIONS 

25 

GAMMA 

1.2765 



ENTHALPY 

3 . 6292 3E + 02 



(CAl/G) 

SP. MEAT TCP) 

3.253/1E-01 




(CAL/G/DEG K) 

CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
(MOL ES/CM**J) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (M0LE/CM»«*3/SEC) 

CH9 

/ . 1 7629E 07 

9 . 89515E-02 

-2,519 30E -09 

CII3 

3. 70822E09 

2 . 52950E-09 

5 .030066-05 

H 

7 . 00622E 12 

9 . 77918E 07 

1 .25I05E-07 

H2 

7 . 91 1 1 5E-10 

5.39695E 05 

1 .660176-05 

02 

2. 91 153E06 

1 . 9860SE 01 

-1 . 96 771E-09 

H02 

9 99569E-1 0 

6 . 9 9 3 1 9 E 05 

7 . 30120E-06 

0 

1 .69939E-11 

1 . 15918E-06 

2.71685E-07 

OH 

9. 1625SE11 

2 . B3992E-06 

7 . 69568E-07 

H20 

7 . 12Q85E09 

9 85737E 09 

1 .6831 IE-09 

CM 30 

2.95557E-11 

1 .661 39E 06 

9 . 92876E-07 

CH20 

9 . 356 1 6 E - 0 9 

2.97199E-09 

1 . 031 O5E-09 

C2II6 

1 81Q79E-09 

1 . 23516E-09 

9 . 50530E-05 

C2H5 

2.28901E 19 

1 . 55800E 09 

7 . 692 1 6 E- 1 0 

C2H9 

5.79155E 1 1 

3 . 916 50E 06 

2. 72323E-06 

CH2 

1 . 33198E-1 5 

9 . D8298C - 1 1 

6 . 97923E-1 1 

C2H3 

6 .99690E- 16 

9 .77299011 

9. 59995E-1 1 

C2H2 

1 .9Q319E-1 3 

9.57163E 09 

8 . 59599E-09 

HCO 

9 . 8 3693E - 1 9 

3.29909E-09 

1 . 99312E-09 

C2H20 

3 . 6 3528E - 1 6 

2. 97979E-1 1 

2 . 56030E-11 

C2H 

9. 7 1 927 E 20 

3.21917E 15 

3 . 95995E-1 5 

CO 

1 . 3U390E 1 0 

8 . 89937E-06 

6 . 00069E-06 

C2H0 

2.00636E' 1/ 

1 . 3686117 12 

1 .57302E-12 

CH 

1 . 09070E-20 

7 . 09899E 16 

7 .22929E-16 

C02 

1 .9221 3E 1 3 

9 . 7Q036E-09 

8 .80830E-09 

H202 

8 . 5 9 7 6 3 E - 1 3 

5 . S5063E- 08 

1 . 03216E03 

N2 

1 .1011 7 E 05 

7 . 51 196F -01 

-9.52715E-1 1 

HCN 

9 . 10909E-18 

2.80291 0 13 

1 . 90U69E- 1 3 

U 

1 .96100E-18 

9 . 96 59 5E - 1 9 

9 . 38 099 E- 1 9 

CN 

5 . 1 227 1 E~ 18 

3.99938E-13 

L . 22003E-13 

HNCO 

2 . 5996 5E- 1 3 

1 .76990E-08 

5. 95719E-09 

NCO 

l . 17961E-12 

8 . 01292E-08 

-6 . 53991E-Q9 

NH2 

2. 97993 E -16 

2 . 02896E-1 1 

1 .36082E-11 

NO 

2. 19901 E- 19 

1 .96250E-09 

3 . 66097E-1 0 

NH 

8 . 96 6 06 E- 1 5 

6 . 1 1606E-10 

1 .60972E-10 

N02 

1 . 38891 E~1 5 

9 . 97089E-1 1 

9 . 26 109E-1 1 

N20 

9.98392E-15 

3. 05869E-10 

9 .25858E-U 

HN02 

l .76861E-20 

1 . 206 9 3E - 1 5 

- 5.89729E-16 

HN03 

1 .71978E-22 

1 . I7312E-17 

7 . 01639E-18 

HNO 

6 .02738E-20 

9 . 11198E-15 

1 .98167E-15 


REAC1 ION 

KATE CONST 

NE T REACT ION COIIV KATE 

NET RATE/P0S1- 

NUMBER 

CtiS UNITS 

(M01E-CM«*3/G**2/SEC> 

TlVE DIR RATE 

1 

9 . 9289 E » 0 5 

2 . 65382E*01 

0 97928 

2 

3. 39951* 12 

9 . 58538E i 01 

0 97996 

5 

3. 0919 E *06 

2 . 8 2 7 7 9 f l 0 1 

0 76098 

9 

5 3278E* 12 

3. 79712E) 02 

0 99957 

5 

5.92526*12 

9 . 95897E i 02 

0 99829 

6 

3.81786*09 

2 . 90782E *02 

0 99910 

7 

6 . 3QQ0EU2 

-9 . 9021 1 E) 00 

0 62316 

8 

8 .27900 10 

1 . 72728E * 02 

1 . 00000 

9 

1 .23996*13 

2 67 1 92E* 02 

0.26815 

1 0 

6. 8533 E *12 

5 . 08359E-01 

1 . 00000 

1 1 

1 . 0319C*1 3 

1 .855596* 00 

1 . ooooo 

12 

2.9 7 39 EM 3 

l . 3105/E* 01 

1 . ouooo 

1 3 

7 . 8 9 0 9 E * 12 

1 .530071 i 01 

0 99685 

19 

9 . 35 39E * 1 1 

1 693UBE 01 

0.970/3 

1 5 

9 8000E* 1 3 

9 . 9 7 1 2 0 E 0 5 

0 . 99693 

16 

2 . 00 00 E * 1 3 

5.77223 E- 09 

0.99976 

17 

6 .686 5012 

1 . 57259 E 02 

0.99998 

18 

8 . 1 7 38E*06 

9 . 02253EQ2 

1 .00000 

19 

3 . 2987 E * 12 

9.60990E-U2 

1 . OOOOO 

20 

1 9929EH2 

-6.02996L 01 

0 . 96657 

21 

2 . 3 38 t E * 1 2 

1 . 33 577C 02 

1 .ooooo 

22 

5.99WF.I 12 

3 . 1 0 9 2 9 E 02 

0 . 99998 

23 

1 . 7339EM1 

1 05905E 02 

0 . 99930 

29 

9 .2953EH 2 

5.11 572E 02 

1 . OOOOO 

25 

6 . 0 0 0 0 E * 1 2 

1 .718931-07 

0 . 99932 

26 

3, 3 0 0 0 E i 1 3 

2 . 29 396 F 06 

1 OOOOO 

27 

5 . OOOOE* 1 2 

8 51 33/t 07 

0 99995 

28 

3.0000EU 3 

-3.29912E-09 

0 .95281 

29 

3 . OOOOE * 1 3 

9 . 32689E-1 5 

0.79712 

30 

2 . 8 320E * 0 2 

3 . 39666 E - 09 

0.99729 

31 

7 .83990 12 

1 . 09293E-09 

1 OOOOO 

32 

1 . 5997 E* 1 3 

2 . 16Q50E-Q9 

1 . OOOOO 

33 

7 9517E+L1 

2. 59929E-05 

0.99981 

39 

3 . 0 1 07 E * 1 1 

1 . 02819E-05 

0.99999 

35 

3. 1 6 9 5E * 1 3 

2 . 59227E-05 

1 . OOOOO 

36 

2 . OOOOE* 1 3 

2.29332E-10 

0.99835 

37 

6 8U6E+11 

2. 32697E-09 

1 . OOOOO 

38 

1 .20206+12 

2 . 396 1 3E-09 

1 . OOOOO 

39 

1 . OOOOE* 1 3 

9 . 88299E-08 

0.99990 

90 

5 . OOOOE* 1 3 

3 .98352E-08 

0 . 96936 

91 

3 . OOOOE* 1 5 

9 .68576E-12 

0 . 99999 

92 

5.9390E+12 

-2 . 896 58E- 1 2 

0.77032 

93 

1 . OOOOE * 1 3 

2 . 35361E-19 

1 . OOOOO 

99 

2.8000E+1 3 

-1 . 17593E-09 

0 .97937 

95 

3.0093E+12 

2 . 566 33E-Q7 

0 96552 

96 

3 . 97 26 E* 12 

-2.76520E-05 

0.99787 

97 

6 . 5399E+1 2 

9 . 9599 5E-08 

0 . 50928 

98 

9 , 3596 E + 1 2 

1 . 56 1 39E- 07 

0 991 56 

99 

2. OOOOE* 13 

7 .22376E-07 

1 . OOOOO 

50 

2 . 26 25E* 08 

6 . 9908 3E-Q6 

0.98956 

51 

5. OOOOE*] 3 

2.39995E-10 

1 .OOOOO 

52 

1 . 1231E* 12 

9 . 6 56 28E* 02 

1 . OOOOO 

53 

2. OOOOE+13 

1 . 99 59 1 E-02 

1 . OOOOO 

59 

9 . 3599 E + 0 5 

3.99979E-01 

1 . ooooo 

55 

2. 0806E+13 

2 . 20589E* 0 1 

1 . ooooo 

56 

7 . 9096E*12 

1 . 321 31 E* 00 

1 . ooooo 

57 

1 . 2 0 0 1 E ♦ 1 3 

5. 19900E*00 

1 . ooooo 

58 

6 . 51 8 1 E* 1 0 

6 . 15586E+00 

0 . 99996 

59 

1 . 2187EH3 

1 27778E-02 

0 99991 

60 

2. 0000EM5 

9.09585E*02 

1 OOOOO 

61 

1 . 9903E* 09 

9 . 57785E-03 

0 . 99997 

62 

1 . 5259E + 1 0 

2. 31709E-03 

0 . 99997 

63 

1 . 1560E + 10 

9.25901E-03 

1 . OOOOO 

69 

1 . 5259 E * 1 0 

1 . 37665E-02 

1 OOOOO 

65 

3.70006*12 

- 5 . 25067 E- 1 5 

0 . 19089 

66 

1 . OOOOE*] 3 

1 , 77 1 6 0E-Q6 

1 . OOOOO 

67 

2. 9319E+12 

5 . 51212E-02 

1 . OOOOO 

68 

1 . 3688E* 1 0 

1 81075E09 

1 OOOOO 

69 

3 . 36 0 0 E * 1 2 

1 . 08 8 7 8 E - 06 

0 . 99998 

70 

1 . 2566 E * 1 3 

6 . 8 5208E- 07 

0 . 99976 

71 

5. OOOOE + 12 

5 1 8 1 ? 7E- 11 

0 . 99982 

72 

9. OOOOE*] 3 

9 . 196I7E-10 

1 . OOOOO 

73 

3. OOOOEU3 

2.969876*01 

0 . 99998 

79 

3. OOOOE* 1 3 

1 .991 59E-09 

1 . OOOOO 

75 

3. OOOOE* 1 3 

3. 53120 E -09 

1 .00000 

76 

2.0000E+13 

3.96237E-Q5 

1 .00000 

77 

2 . 5 1 36 E * 1 2 

1 . 092006*01 

1 . OOOOO 

78 

6.8739E*19 

1 3Q55GE-09 

1 . OOOOO 

79 

1 . 20 7 9E* 06 

2.67999E-03 

1 .00000 

80 

3 . 0 7 39E ♦ 1 1 

9 . 7 59 5 3E - 0 3 

0 . 99997 

81 

5. 2820E* 10 

3 . 8 0 36 1 E- 02 

1 . OOOOO 


95 



TABLE D.2. — Continued, 
(p) Continued. 


82 

i . 5152EM1 

1 . 34282E-01 

0.75519 

83 

1 2718E+12 

1 . 51638E402 

0.99966 

84 

6 . 3415 E M2 

4 . 89878E -0 1 

0 . 98280 

85 

3 8068EM 3 

1 . 31865E + 00 

0.89525 

86 

3 . 68 58 EH 3 

3.45282E400 

0 . 99820 

87 

8 . 0000EM2 

1 .82553E400 

0 . 99264 

88 

9 6695EH 3 

3.741 33t 400 

1 00000 

89 

3 8651 I t 10 

l .6/6 191. 01 

0 . 992b l 

90 

3 944ULU2 

-6 9/8/91 U 3 

0 89480 

91 

1 8000EU2 

9 . 38 246 E 4 u 0 

0 . 99923 

92 

7 8000CU 1 

2.7 3111E0S 

0,99999 

93 

1 5520EH 1 

9 . 49668 L 4 00 

0.99992 

94 

7 3817EU2 

1 . 321 3/El 00 

0.92973 

95 

1 9806 E* 15 

-3.71788E401 

0 89258 

96 

1 5457 E ♦ 0 1 

H.9Q679E04 

0 93159 

97 

4 3026EU5 

4 . 31 723E- 05 

0 . 98 525 

98 

4 2473E*01 

-1 . 53312E 07 

0 . 02648 

99 

2 5532E-01 

6.24295E-05 

0 . 97979 

100 

3 04 5 3E * 08 

2 04045F- 1 0 

1 00 00 0 

101 

1 .19181*13 

2 825/8E - 0/ 

0 . 99991 

102 

1 2468EM 1 

9 . 5 1 6 9 9 E - 0 9 

0 99468 

103 

1 7030EH 1 

- 8 1 9 1 9 4 E 0 7 

0 . 99979 

104 

1 . 2 0 OOE ♦ 1 3 

6 . 1 0 77 1 E 119 

l 00000 

105 

4 01 14EH 3 

-7 . 76 501 E - 1)5 

0 , 99936 

106 

6 4274EH2 

3 . 49 1 08 E 02 

0 99972 

107 

7 . 486 1 EM 2 

7 . 9 5 6 4 5 E 05 

0 99997 

108 

2 . 3589EM3 

9 .757621-04 

047455 

109 

3 70001* 12 

8 . 9 9 1 4 3 C 04 

1 . ooooo 

no 

2 0000EM3 

2. 334 l 1 L 05 

1 .000(10 

1 1 L 

1 . OOUDFM 3 

l . 0055/1 1 II 

1 . ooo no 

112 

2 . 00001 » 1 3 

9.625321 04 

1 0 0 u u 0 

l l 3 

7 7 207 LH1 

9.9 76 041 H 

0 . 99 044 

114 

2 UOOOL * 12 

2 .601 781 1 5 

099/17 

115 

1 1 037EH3 

2 .408391- 05 

0.99999 

116 

2 41 72EM2 

2 .8525OE 04 

0 . 99662 

117 

8 3 38 1 L H 2 

5.56940E 0/ 

0.46681 

116 

8 0051 t* 15 

- 2. 29534E-05 

0 . 98923 

119 

2 21641*14 

1 .260331-05 

0 . 9 998 2 

120 

5 5 4 1 4 E * 0 7 

1 .46332108 

0 99669 

121 

2 08081*07 

3 9 512 71: 0 5 

1 .00000 

122 

1 4344E*04 

1 . 569341 05 

1 . ooooo 

123 

4 0 0 0 0 £ 4 1 ? 

4.744001 14 

1 QUOUO 

124 

1 54041407 

- 5 . 045201 04 

0 9 8 8 4 U 

125 

1 9 4 5 4 E * 1 0 

-5.695771-05 

0.999/7 

126 

2 056 9E 4 1 0 

9. 16 356 E 09 

1 . OUOtlO 

127 

7 5925E * 1 1 

-6 . 18438E08 

0 . 30722 

128 

3 46 28 E * 09 

2.22342F 08 

0 . 99981 

129 

9 5586 L 4 V 5 

4 .102341 1 1 

0 . 00092 

130 

9 4 0 4 5 f • 1 5 

-1 ,881 54E 08 

0 02549 

131 

5 UOOOt 4 1 2 

1 704341 12 

0.12131 

132 

6 48421 4 1 5 

1.207051 08 

0 . 144 58 

133 

3 6 0 0 G E 4 1 3 

4 85856E 1 0 

0 92U02 


DERIVATIVES (CGS UHITSli T 2.88791E*0Q RHO 2.20037E-06 V 2.2/8041 HI 2 


MIXIUKt NULtCULAR HEIGHT 


28 21051 


I DIAL ENERGY EXCHANGE RA I E -4.259 i9t*U7 
<CAL-CM«* J/GJtJ(2/SEC ) 


MASS TRAC I l UN SUM 1 . UUUOOUUO 


COMPUTER TIME (CPU) REUUIKED. FOR THIS SUP - 1 .6600046+00 S 


UP TO THIi TIME - V . 0100251 i 00 5 


TIME Z.83463E-04 SEC 


AREA 9.54999E+02 SQ CM 


AXIAL POSITION 4.25001E+01 CM 


FLOW PROPERTIES INTEGRATION INDICATORS 


PRESSURE 
( ATM ) 

3.17520 

STEPS FROM LAST PRINT 

118 

VELOCITY 

133515.39 

AVERAGE STEP SIZE 

0 1 6567E+00 

(CM/SEC) 




DENSITY 

5.4317 IE-04 

METHOD ORDER 

4 

<G/CM**3> 




TEMPERATURE 

1995.73 



(DEG K ) 




MASS FLOW RATE 
( G/SEC ) 

6 . 92581 E+04 

TOTAL NUMBER OF STEPS 

279 

ENTROPY 

2 .1774 

FUNCT EVALUATIONS 

359 

(CAt/G/OEG K ) 




MACH NUMBER 

1 .537 9 

JACOBIAN EVALUATIONS 

3B 

GAMMA 

1 2725 



ENTHALPY 

4 . 21 726E+02 



(CAt /G) 




SP. HEAT (CP) 

3 . 31 576E-01 




(CAL/G/DEG K) 


CHEMICAL PROPERTIES 


SPECIES 

CONCEN t RAT I ON 
(MOL E$/CN**3) 

MOLE FRACTION 

CH4 

3 . 40620E07 

1 . 7 5499E-02 

CH3 

1 . 27895E-07 

6 . 58 9 58 E- 0 3 

H 

3. 51808E-09 

1 .81263E-04 

H2 

4 . 9220 3E- 08 

2. 53600E-03 

02 

3 . 346S9E- 06 

1.72443E-01 

H02 

5.69341E-09 

2.93344E-04 

0 

6 360U7E09 

3.27693E-04 

OH 

1 . 7 56 57E 08 

9 . 05044E-04 

H20 

6 . 74506E-07 

3.47529E-02 

CH30 

9 .89912E-10 

5. 1 0037E-05 

CH20 

5 29894E 08 

2.73019E-03 

C2H6 

2 9 1 57 7E - 08 

1 .50231E-O3 

C2M5 

3 5571SEI 1 

1 . 8 327 7 E -06 

C2M4 

7 .709591-08 

3 97224E-03 

CH2 

2. 79405E-1 0 

1 . 43959E -05 

C2HS 

2 . 38695E10 

1 . 22984E- 05 

C2H2 

8 . 96 7 5 1 E - 0 9 

4.62037E-04 


NET SPECIES PRODUCTION 

REACTION 

r;te CONST 

RATE (MOLE/CMK*S/SEC> 

NUMBER 

C iS UNITS 

-6 . 38715E-02 

l 

;. 5143E+07 

1 .67 1 78E-02 

2 

3 2504EM2 

l. 43144E-03 

3 

5.7700E+07 

3 , 55768E-0 3 

4 

i .8633E+12 

-6 . 641 27 £-02 

5 

f . 059 1 E+ 1 2 

2.42879E-04 

6 

1.7232EH0 

2.81061E-03 

7 

6 . 300QE+ 1 2 

7 . 32672E-03 

8 

2 . 494 5E + 1 1 

8.94564E-02 

9 

1 . 1491E+13 

6 .96517E-05 

10 

l . 1410E+1 3 

-5 . 09736E-03 

n 

1 .5580EUS 

-2.83738E-05 

12 

J . 5782E+ 1 3 

8 . 32578E-06 

13 

1.9978EU3 

7 . 73785E-05 

14 

5.6616EU1 

1 . 57649E-04 

15 

4.8000EH 3 

1 . 09986E-04 

16 

2 . 0 0 OOE+1 3 

2. 59869E-03 

17 

1 . 1428EM3 


NET REACTION CONV RATE 

NET RATE/ PD5 I - 

(MOL E-CM** 3/G*«2/SEC ) 

TIVE DIR RATE 

-2 . 9828 OE * 0 5 

0.74676 

1 . 95436E + 04 

0.76983 

-1 . 02023E + 0 5 

0 82066 

7 . 00692E+Q4 

0 96749 

1 . 34024 E+ 0 5 

0.93620 

2. 31964E* 04 

0.92779 

-3 . 74380E+04 

0.43833 

1 .62441E* 04 

1 .00000 

6.62581E*04 

0 . 10401 

3. 96674E+05 

0.99994 

9 . 79289E+03 

0.99999 

6.2)1556*04 

U . 99998 

7 . 56601 E* 04 

0 808/6 

1 . 66 76 5E* 02 

0.72996 

2.013306*01 

0 . 98885 

2.42113E*03 

0.99948 

1 . 049616*04 

0.99904 



TABLE D.2. — Continued, 
(p) Continued. 


HCO 

1 . 533826- l 0 

7.9 027 5E- 06 

4.930726-05 

C2H20 

1 07055E-10 

5.515S4E-Q6 

5 . 176696-05 

C2H 

1 .448246-12 

7 . 461826-08 

1 . 08673E-06 

CO 

1 . 98853E-07 

1 . 024566-02 

3.46313E-02 

C2M0 

4 . 59 56 *iE- 1 0 

2.367 836-05 

3 . 2066 3E-04 

CH 

1 . 248 1 8E - 1 2 

6.431 04E-08 

1 . 278656-06 

C02 

4 . 51761 E-09 

2 . 224 58E-Q4 

1 . 35970E-03 

H202 

4.15756E-12 

2.142126-07 

4 . 19630E-07 

N2 

1 .44627E-05 

7 .45169E-01 

-2.43711 E-07 

HCU 

2.202576- 14 

1 . 13484E-Q9 

1 . 56221 E-08 

II 

7 . 466626- 1 5 

3 .84706E-10 

5.367 24E-09 

CH 

4.414536-17 

2.274526-12 

2.26789E-11 

HHCO 

1 .4224IE-12 

7 . 32875E-08 

“6.267 47 £-08 

NCO 

1 . 34487E-14 

6 . 929256-1 0 

2.97220E-09 

MH2 

3.21229E-13 

1 . 6 5508E- 08 

5 . 6 31 9 0E-Q8 

NO 

4.625626-13 

2 . 38328E-08 

1 .60639E-07 

NH 

1 . 586 46 E- 1 4 

8 . 17408E-10 

“2. 61949 E- 09 

N02 

6 .341 19E-15 

3.26720E-10 

-3. 17522E-10 

N20 

6 . 296236- 13 

3 . 24404E-08 

1 . 55920E - 07 

HN02 

1 . 446566- 1 7 

7 . 45318E-13 

8 . 41042E-12 

UNO 3 

3.287506-20 

1 .69383E-15 

6 , 30358E-15 

HNO 

4.464216-17 

2. 3Q011E-12 

2.280346-11 


18 

5 . 27496+08 

2.675256+03 

0.99999 

19 

3.5189E+12 

1 .614806+04 

0.99973 

20 

1 . 56966*1 2 

6 . 6 3826 E + 0 3 

0 . 94913 

21 

2 . 48 1 1 E+ 1 2 

4 . 1 234 9 E+ 0 3 

1 . 00000 

22 

7 .07706+12 

1 . 17600E+04 

0.99986 

23 

9 . 5180E+ 1 1 

1 .45422E+04 

0.99590 

24 

4 . 2392E+12 

1 . 14789E+04 

1 . 00000 

25 

6 . 00006+12 

1 .70715E+01 

0.99964 

26 

3. 3000E+1 3 

1 . 6 9803E+ 02 

1 . 00000 

27 

5.00006+12 

7 . 10497E+01 

0.99990 

28 

3 .00006+13 

6.65628E+00 

0.96154 

29 

3. OQOOE + 1 3 

3 . 491 00E-02 

0 . 99316 

30 

7 .83526+04 

4 . 99591 E- 03 

0.10809 

31 

1 . 3182E+1 3 

2.548316+03 

1.00000 

32 

2.7135E+13 

5.244786+03 

0 . 99986 

33 

1 .0765E+12 

5.664616+02 

0 . 98559 

34 

3 . 0425E+1 1 

1 .624156+02 

0 . 99985 

35 

3 42416+13 

5.621176+02 

0 . 99925 

36 

2 . 0000E+ 1 3 

1 . 69276 E+ 00 

0 98159 

37 

7 .76796 + 11 

4.049696+03 

1 . 00000 

36 

1 2020E+1Z 

1 .190806+01 

1 .00000 

39 

1 .00006 + 13 

2.736146+02 

1 . 00000 

40 

5 00006+13 

2 . 73051 E+ 02 

0 . 996 54 

41 

3 . 0000E+ 1 3 

1 . 305666+01 

1 . 00000 

42 

6 .03626+12 

2 .62327 E+ 00 

0 99856 

43 

1 .00006+13 

7.15847E+00 

1 .00000 

44 

2.80006+13 

1 . 71686E+ 02 

0.96201 

45 

3.51736+12 

-1 . 70409E+01 

0.43186 

46 

4.75676+12 

-8 . 551 05E-01 

0 .12344 

47 

9.95666+12 

*6 .799B7E+01 

0.84252 

46 

6 .63776+ 12 

1 . 57859E + 00 

0 .1 0305 

49 

2.0000E+13 

4.61 558E+ 0 1 

1 .00000 

50 

5.2955E+09 

2.3231 3E+ 0 1 

0.62292 

51 

S. OOOOE+ 1 3 

1.560996+00 

1 . 00000 

52 

1.63696*12 

1.838226+04 

0 . 99999 

53 

2.00006+13 

2. 360806(02 

1 . 00000 

54 

6 . 6 048 E+ 07 

2.299386+02 

0.99871 

55 

2. 2160E+13 

6.991196+04 

0 .99998 

56 

9. 1319E+12 

5.769666*03 

0 99993 

57 

1 . 4431E+13 

1 .648476 + 04 

0 . 99999 

58 

9.8202E+10 

2.255016+03 

0 99967 

59 

1 . 3395E+13 

8.905946+02 

0 99993 

60 

2 . 00006+13 

4.934016+04 

0 99958 

61 

1 . 7 7 40 E + 06 

9 . 99241 E+ 00 

0.66947 

62 

6 6825E+ 10 

9 .99487E* 01 

0.98073 

63 

5.07 37E+10 

1 . 39504E+ 02 

0.99728 

64 

6 6825E+10 

5. 06128E+02 

0 . 99466 

65 

3.7000E+12 

6 .758156-02 

0 . 99995 

66 

1 .00006+13 

1 . 41 594 E+ 02 

1 .00000 

67 

3.85356+12 

1 .22140E+04 

1.00000 

68 

6.06236+10 

3.64109E-01 

0 . 997 18 

69 

5.03566+12 

8 . 33047 E + 01 

0 . 99447 

70 

1 . 8626 E + 1 3 

6 . 08166E+QI 

0.98004 

71 

5.00006+12 

1 . 322986+ 00 

0 99997 

72 

4.00006+13 

1 . 05841 E + 01 

1 . 0 0 0 0 0 

73 

3.00006+13 

5.21798E+04 

0 . 99963 

74 

3.00006+13 

9.919356+01 

1.00000 

75 

3.0000E+13 

2.739596+02 

1 . ooooo 

76 

2 . 00006 + 1 3 

3.657886+01 

0 . 99998 

77 

5.6969E+ 12 

5.746686+04 

0.99974 

78 

8 . 52666 + 14 

7 . 093896+01 

0 . 99998 

79 

1 .4799E + 07 

3. 338056+01 

0 99992 

80 

3.23986+11 

3.828056+03 

0 . 99801 

81 

1 . 76246 ( 1 1 

6 . 763076* 02 

1 . 00000 

82 

6 . 5972EU1 

4 .704316*03 

0.49041 

83 

3.01106(12 

1 . 152956*05 

0 . 95944 

84 

1 . 3061 E( 13 

1 . 19012E + 04 

0 858/5 

85 

4 . 2568 E + 13 

2.770636*03 

0.95872 

86 

3 . 86 46 E + 1 3 

4 . 739946* 03 

0.99417 

87 

8 . QQ00E + 12 

2.680756*03 

0 . 98656 

88 

1 . 0229E + 14 

6.942496+03 

0 . 99976 

69 

1 .4378E+11 

1 . 34318E+02 

0 . 98351 

90 

4.25186+12 

-1 . 66407 E+ 0 1 

0 . 94052 

91 

1 . 8000E + 12 

1.976286+02 

0 . 99952 

92 

7 . 8000E + 11 

3.85156E-02 

0 . 99602 

93 

1.47786+12 

3.471266*02 

0 .75394 

94 

l 0170E+13 

2. 15420E + 04 

0 .72281 

95 

1 6792E+15 

-1 .188886+03 

0 . 29182 

96 

3.87836+03 

-2.229216+01 

0 . 98 384 

97 

3.56126+15 

5 . 198666+00 

0.99177 

98 

6.59226+03 

-8.317716-01 

0.94171 

99 

1 . 04336+02 

-9.018156-02 

0 79699 

100 

8.26506(08 

5.057076-02 

1 . 00000 

101 

1 . 57466+13 

-1 .638746-05 

0 12382 

102 

3.44626+11 

1 .433796-04 

0 . 87624 

103 

1 .97306+11 

-2 . 535246-03 

0 90740 

1 04 

1 .20006+13 

1 . 14186E05 

0 99990 

105 

5.49836+13 

-8 . 33371E-04 

0 .85222 

106 

1 .03146+13 

-1 .90072E-02 

0 .45096 

107 

1 . 1701E+13 

1 . 9 0890E-0 1 

0 96180 

1 06 

2 48626(13 

9 . 03348E-03 

0 72555 

109 

3.70006+12 

-8 .1 29516-03 

0 99971 

1 1 0 

2.00006+13 

5. 79850E-03 

1 . ooooo 
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TABLE D.2. — Concluded, 
(p) Concluded. 


0.99817 
0.99995 
0.99951 
0.99991 
0 99959 
0 95/88 
0.90615 
0 557 6 0 
0 99619 

0 99980 
0 , 99999 
1.00000 

1 . 00000 
0.97760 

0 . 8 B 96 7 

1 . 00000 
0.65290 
0 . 93987 
0 . 00059 
0.00278 
0.92197 
0 .257/2 
0 .97823 


l . 00000001 


C0MPU1ER TIME (CPU) REQUIRED! FUR THIS STEP - 5.866669E+00 S UP TO THIS TIME - 1.390001E+Q1 S 


( L SENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 

TOTAL NO. OF STEPS - 279 

101AL NO. OF DERIVATIVE EVALUATIONS - 359 

TOTAL HO. OF JACOBIAN EVALUATIONS - 38 

TOTAL CPU TIME - 13.900009 S 


TOTAL CPU TIME (INCLUDING I/O) REQUIRE!) = 15.699999 S 


( LSENS) READ DATA FOR NEXT CASE 



111 

1 . OOOOEH3 

3.39733E09 


112 

2 . OOOOE+ 1 3 

3.20557E-05 


113 

1 . 30 1 7 E * 12 

2. 59607E-06 


119 

2 . 0000E+ 1 2 

3.91350E06 


115 

1 .3976EH3 

1 . 2089 IE 02 


116 

2.3579EM2 

1 . 97 357E-02 


117 

6.6033EH2 

1 .06566E-03 


1 1 B 

7 .5J17E+15 

-1 . 69969E-0 3 


119 

2 . 5999E+ 19 

1 . 803596-02 


120 

7 . 8 557 E + 08 

-2. 13779E-02 


121 

2.2107E+08 

-2 .6889IE-01 


122 

7 . 8859 E+ 0 5 

2.95860E-01 


123 

9 . 000 0 E + 1 2 

6 . 9 1922E-1 0 


129 

2 . 9223E + 08 

-5.28300E-01 


125 

8 . 9817EH0 

-9 . 28288 E- 0 3 


126 

3.3361EF10 

1 . 13199E-03 


127 

1 . 6 768 E + 1 2 

7 .97067E-03 


128 

l . 589 5E* 1 0 

1 . 57209E-05 


129 

7.8289E+15 

2. 13699E-08 


130 

5 . 6 0 08EH 5 

1 . 27862E-05 


131 

5. 0000E* 12 

2 . 9 5262 F. - 06 


132 

5.283DEU5 

1 .73399 E -09 


133 

3.6000EM5 

9.36013E-05 

DERIVATIVES (CGS UNITS). T 

2 . 59007 E+ 02 RHO 9.61257E 

-05 V 

-9 . 99QU9E * 03 

MIXTURE MOLECULAR HEIGHT 

27.98601 TOTAL ENERGY EXCHANGE RATE -1 . 

25 i 98E+ 1 0 

MASS FRACTION SUM 


<CAL-CM*«3/GK*2/SEC) 
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Appendix E 

Sensitivity Test Cases 

In addition to the kinetics-only test cases described in 
appendix D we have prepared a set of nine kinetics-plus- 
sensitivity-analysis test cases. These example problems are also 
supplied with LSENS. The first six cases are constant- 
temperature problems whose results have been published in the 
literature. Results for cases 1 and 2 were also computed analyti- 
cally. Excellent agreement between the LSENS and literature 
results was obtained for all cases. The last three cases are non- 
isothermal problems that illustrate the application of sensitivity 
analysis to combustion problems. As for the kinetics-only test 
cases, all sensitivity cases are set up in one file for execution in a 
single computer run. Cases 1 , 2, 5, and 7 involve dummy species 
used in simple reactions. The thermodynamic data for these species 
are not read from the standard thermodynamic data file. Their 
coefficients are placed at the beginning of the problem data file. 
In this appendix we describe these cases. We then list the com- 
plete input file in table E. 1 . Cases 8 and 9 will be especially useful to 
users as models for their own sensitivity analysis computations. 


Description of Test Cases 

Case 1 

Case 1 is the constant-volume isothermal reaction 
A - B 

*-i 

where k\ and k- \, the forward and reverse rate coefficients, 
are given separately by writing the two separate irreversible 
reactions A — >B and B — > A . This case was first studied by 
Hwang (ref. 12) and was later used by Radhakrishnan 
(ref. 13) to compare sensitivity analysis methods. Note that 
in namelist PROB both the variables SENSTD and SENCAL 
are set equal to TRUE. This action tells LSENS to compute 
sensitivity coefficients for the time derivatives ot the 


dependent variables as well as for the variables themselves. 
The variable ALLSP is used after the keyword INIT to obtain 
initial value sensitivities with respect to all species and after 
the keyword SENSVAR to obtain sensitivities for all species 
concentrations at each print station. In namelist SENRXN 
we have set ALLRXN equal to TRUE to obtain sensitivities 
with respect to all reactions. For this and all other isothermal 
reactions only the variable SENSAJ is set equal to TRUE for 
sensitivities with respect to the preexponential factors. Coef- 
ficients with respect to the temperature exponent and activa- 
tion energy of any reaction will be the same as those for the 
preexponential factor. 

Case 2 

Case 2 is the constant-volume isothermal reaction 
A - B -C. Each forward and reverse reaction is written sepa- 
rately, so that the case has four reactions, A -> B, B -> A, 
5 -> C, and C -> B. This test case was used by Hwang et al. 
(ref. 14). The keyword INIT does not appear in the sensitiv- 
ity analysis data, and therefore no sensitivities with respect to 
initial conditions are computed. 

Case 3 

Case 3 is the constant- volume isothermal pyrolysis of 
ethane using the mechanism of Kramer et al. (ref. 15). This 
same case was also used by Dunker (ref. 16) and 
Radhakrishnan (refs. 13 and 17) to compare sensitivity analy- 
sis methods. The data require sensitivities for all species 
with respect to the initial ethane concentration and tempera- 
ture and for all species with respect to the rate coefficients of 
reactions 1 and 2. 

Case 4 

Case 4 is the isothermal constant-volume ignition of a 
methane-oxygen-argon mixture containing trace concentra- 
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E. Sensitivity Test Cases 

tions of carbon dioxide and hydrogen. The mechanism is that 
of Boni and Penner (ref. 1 8). Sensitivity coefficients for all 
species with respect to all reaction preexponential coeffi- 
cients are required. Separate forward and reverse rate coeffi- 
cients are given for the reversible reactions. 

Case 5 

Case 5 is the isothermal, constant-volume oxidation of 
formaldehyde using the mechanism of Dougherty et al. 
(ref. 19). In this case the variable TINY is set equal to 0. 1 in 
namelist PROB to set equal to zero any sensitivity coeffi- 
cients whose magnitudes are less than 0.1 . Also, in namelist 
SENRXN the variable ORDER is set equal to TRUE in order 
to have a second type of table printed out for the sensitivity 
coefficients. The second table is organized by dependent 
variable, and for each one the coefficients are listed in order 
of decreasing magnitude. The rate-controlling reactions can 
then be seen at a glance. Note that the chemical mechanism 
has two reactions that simulate the destruction of species at 
the wall of the reaction chamber. These are H 2 O 2 — > 
H 2 O 2 W and HO 2 — > HO 2 W, where the species on the right 
side of each reaction has the same thermodynamic properties 
as the species on the left side. 

Case 6 

Problem 6 is the isothermal, constant-volume oxidation of 
wet carbon monoxide. We use the mechanism of Yetter et al. 
(ret. 20). Sensitivity coefficients with respect to all rate param- 
eters for concentrations of the two variables hydrogen and 
carbon monoxide are to be computed, as are sensitivities with 
respect to six initial concentrations. In namelist SENRXN 
we have set ORDER equal to TRUE and have also set the 
variable OUTPUT equal to FALSE. This suppresses the 
printing of the standard type of sensitivity-coefficient table. 
Only the table organized by dependent variable is printed. 

Case 7 

Case 7 is the first nonisothermal case, the constant- 
pressure, irreversible conversion of one reactant to one prod- 
uct with the rate coefficient expression 

k = 1.0 T 

This test problem, first used by Radhakrishnan (refs. 13 and 
17), can be solved analytically and so permits an objective 
evaluation of the accuracy of the code. Sensitivity coeffi- 
cients of all dependent variables and their derivatives are 
required. This is done very simply by placing the one word 
ALL on the line after the keyword SENSVAR and setting the 


variable SENSTD equal to TRUE in namelist PROB. The 
word ALL is also placed after the keyword INIT to obtain 
sensitivity coefficients with respect to the initial values of all 
dependent variables. In namelist SENRXN we have set the 
variables SENSNJ and SENSEJ as well as SENSAJ equal to 
TRUE in order to obtain sensitivity coefficients with respect 
to all three rate coefficient parameters in this nonisothermal 
reaction. 

Case 8 

Case 8 is the constant-pressure static ignition of a stoi- 
chiometric hydrogen-air mixture seeded with 0.45 mol % 
nitric oxide to catalyze the low-initial-temperature (950.66 K) 
reaction. The mechanism is the same as that used for kinetics 
test case 2 and described in appendix D. Four reactions of 
carbon monoxide and carbon dioxide have also been added 
because the air contains a small amount of carbon dioxide. 
The latter reactions and rate coefficients are also taken from 
the kinetics test cases. The variable TINY is set to 1 .0xl0~ 7 
in namelist PROB. Sensitivity coefficients are required for 
seven dependent variables, six species concentrations and 
temperature. Initial value sensitivities are required for eight 
variables. Note that this list is ended by inserting a blank line 
because there are exactly eight names written on the line fol- 
lowing the keyword INIT. Rate coefficient sensitivities are to 
be compu ed for the six reactions whose numbers are listed in 
the array RXNUM in namelist SENRXN. 

Case 9 

Problem 9 is the constant-volume static ignition of a stoi- 
chiometric benzene-oxygen mixture that has been shock 
heated to an initial temperature of 1405 K. The chemical 
mechanis n was developed by Bittker (ref. 21) to match a 
wide rang ^ of experimental ignition delay times and compo- 
sition pro ilc data reported for this fuel. Sensitivity coeffi- 
cients for 10 dependent variables are required, including tem- 
perature, density, and pressure. Sensitivities with respect to 
the initial values of five variables, including temperature and 
density, will be computed as well as sensitivities to the rate 
parameters Aj and Ej for 24 reactions listed in the array 
RXNUM. 

Listing of Results 

The test case file in table E. 1 was also executed on the Sun 
SPARCsUtion 1 that was used to execute the kinetics-only 
cases. Total execution time for the nine cases was 
approximately 139 s. Sample results are given in table E.2. 
Of course, these cases too will execute more rapidly on the 
newer workstations and mainframe computers. 
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TABLE E.1 .—PROBLEM DATA FILE FOR SENSITIVITY ANALYSIS TEST CASES 


CARD 

300.000 1000.000 5000.000 

DUMA L 5/66A 1.00 0.00 0.00 0.G 300.000 5000.000 1.0 1 

0.25 161474E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2 516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 4 

DUMB L 5/66A 1.00 0.00 0.00 0.G 300.000 5000.000 1.0 1 

0 . 2516147 4E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2 516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 4 

DUMC L 5/66A 1.00 0.00 0.00 O.G 300.000 5000.000 1.0 1 

0 . 2516147 4E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 . 0.00000000 0.00000000 4 

DUMP L 5/66A 1.00 0.00 0.00 O.G 300.000 5000.000 1.0 1 

0 . 2516147 4E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

- 0.2 516147 4E 04 0.00000000 0.25161474E 01 0.00000000 0.00000000 3 

0.00000000 0 . 00000000- 0 . 25161474E 04 0.00000000 0.00000000 4 

DUMR L 5/66A 1.00 0.00 0.00 O.G 300.000 5000.000 1.0 1 

0.25161474E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 4 

H02W J 9/78H 1.0 2. 0. O.G 300.000 5000.000 33.00669 1 

0.40173060E 01 0 . 2217 5883E- 02 - 0 . 577 1017 IE- 06 0 .7137 2882E- 10- 0 . 36458591E- 14 2 

- 0 . 1 141244 5E 04 0.37 846051E 01 0.35964102E 01 0 . 52 5 007 4 8E- 03 0 .7 5118344E- 05 3 

- 0 . 95674952E-08 0 . 3 6 597 62 8E- 11 - 0 . 893 335 02E 03 0.66372671E 01 0.00000000 4 

H202W L 3/85H 2.0 2. 0. O.G 300.000 5000.000 34.01460 1 

0 . 47 92885 8E 01 0 . 3630086 5E- 02 - 0 . 111364 35E- 05 0 . 14868513E- 09 - 0 . 6 8958511E- 14 2 

- 0 . 18132195E 05-0 .51306415E 00 0.34546633E 01 0 . 5557 5930E- 02 0 . 9 2 1037 38E - 06 3 

-0 .46279780E-08 0 . 21458200E- 11 - 0 . 17 672328E 05 0.68402452E 01 - 0 . 16 394994E 05 4 

SPECA L 5/66A 1.00 0.00 0.00 O.G 300.000 5000.000 0.999001E-03 1 

0.25 16147 4E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 4 

SPECB L 5/66A 1.00 0.00 0.00 O.G 300.000 5000.000 0.999001E-03 1 

0 . 2516147 4E 01 0.00000000 0.00000000 0.00000000 0.00000000 2 

0.00000000 0.00000000 0 . 2 516147 4E 01 0.00000000 0.00000000 3 

0.00000000 0.00000000 0.00000000 0.00000000 0.00000000 4 

END 

SIMPLE TEST CASE A=B : HWANG, JT, PROC . NSC TAIWAN, PART B, V6 , P37 , 1982. CASE 1 
SPECA > SPECB 1.00E+03 

SPECB > SPECA 1.00E+00 


TIME 

&prob r hoc on= . true . , tcon= . true . , sencal= . true . , senstd= . true . , 
print=l . 5E- 04 , 1 . 0E-03, 2 .0E-02, &end 
&start p=1.0, t=300.0 # &end 
SPECA 0.999001 

SPECB 0.000999 

END 

&solver emax=l . 0E- 06 , atolsp=0.0, &end 
INIT 

ALLS P END 

SENS VAR 
ALLSP END 

REAC 

&senrxn sensaj**. true . , allrxn= . true . , &end 
FINIS 

SIMPLE TEST CASE A=B=C: HWANG ET AL, J. CHEM PHYS, V69, P5180, 1978. CASE 2 

NEW 

DUMA > DUMB 1.0 

DUMB > DUMA 100.0 

DUMB > DUMC 100.0 

DUMC > DUMB 1 . 0 


TIME 

&prob rhocon= . true . , tcon= . true . , sencal= . true . , 
print= 0.1, 2.5, 4.5, &end 

&Btart t=300 . 0 , p=1.0, &end 
DUMA 1.00 

END 

^solver emax=1.0E-6, atolsp=l . 0E- 8 , &end 
SENS VAR 
ALLSP END 

REAC 

&senrxn allrxn^ . true . , sensaj = . true . , &end 

FINIS 
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TABLE E.l. — Continued. 


ETHANE 

PYROLYSIS: KRAMER ET 

AL, APPL 

MATH MODELLING 

, V5 / P432, 

1981 . 

CASE 3 

NEW 


C2H6 

>2 . 

0CH3 


1.20E+12 

0.0 

59218.0 

C2H6 

+ 

CH3 

> 

C2H5 + 

CH4 

8 . 01E+08 

0.0 

11943 .0 



C2H5 

> 

C2H4 + 

H 

3 . 00E+11 

0.0 

34974 . 0 

H 

4 

C2H6 

> 

C2H5 + 

H2 

1.30E+11 

0.0 

8982 . 0 

H 

+ 

H 

> 

H2 


6 . 99E+13 

0 . 0 

0 . 0 


TIME 











&prob rhocon 

= . true . , 

tcon=. true . , 

sencal= . true . , 




print- 

1 . 0 

, 20.0, 

&end 







&Btart 

p=0. 

** 

cn 

o 

o 

n 

II 

923 

. 0 , &end 






C2H6 

1 . 

0 









END 











&sol ver 

emax 

=1 . 0E - 6 , 

atolep=l . 0E~ 

8, 

&end 





INIT 











C2H6 

TEMP 

END 









SENSVAR 











ALLS P 

END 










REAC 











&senrxn 

6ensaj=. true . 

, rxnum = 1 . 

0, 2 

. 0, 

&end 




FINIS 











CH4 -02-AR 

SHOCK IGNITION: 

BONI & PENNER 

, COMB 

SCI 

f< TECH, VI 5, 

P99, 

1977 . CASE 4 

NEW 











M 

+ 

CH4 

> 

CH3 

4 

H 


4 . 337E+07 

o 

o 

0 . 0 

H 

+ 

CH3 

> 

CH4 

4 

M 


1 . 106E+17 

0 . 0 

0 . 0 

OH 

+ 

CH4 

> 

CH3 

4 

H20 


2.590E+13 

0 . 0 

0 . 0 

CH3 

+ 

H20 

> 

OH 

4 

CH4 


1.048E+11 

0 . 0 

0 . 0 

H 

+ 

CH4 

> 

CH3 

4 

H2 


1 .988E+13 

0 . 0 

0 . 0 

CH3 

+ 

H2 

> 

H 

4 

CH4 


8 . 071E + 11 

0 . 0 

0 . 0 

O 

+ 

CH4 

> 

CH3 

4 

OH 


2. 168E+12 

0 . 0 

0 . 0 

CH3 

+ 

OH 

> 

O 

4 

CH4 


6 . 625E+10 

0.0 

0 . 0 

CH3 

+ 

O 

> 

CH20 

4 

H 


I . OE+14 

0 . 0 

0.0 

CH20 

+ 

H 

> 

CH3 

4 

O 


5 . 3E+07 

0 . 0 

0 . 0 

CH3 

+ 

02 

> 

CH20 

4 

OH 


2 . 0E+10 

0 . 0 

0 . 0 

CH20 

+ 

OH 

> 

CH3 

4 

02 


4 .337E+04 

0 . 0 

0 . 0 

CH20 

+ 

0 

> 

HCO 

4 

OH 


1 .584E+13 

0.0 

0 . 0 

HCO 

+ 

OH 

> 

CH20 

4 

O 


9 . 035E+09 

0 . 0 

0 . 0 

CH20 

+ 

OH 

> 

HCO 

4 

H20 


1 . 1 08E+14 

0 . 0 

0 . 0 

HCO 

+ 

H20 

> 

CH20 

4 

OH 


8 . 5 53E + 09 

0 . 0 

0 . 0 

CH20 

4 

H 

> 

HCO 

4 

H2 


5 . 24 OE+12 

0 . 0 

0 . 0 

HCO 

+ 

H2 

> 

CH20 

4 

H 


4 .216E+09 

0 . 0 

0.0 

M 

4 

CH20 

> 

HCO 

4 

H 


3 . 843E+08 

0 . 0 

0 . 0 

HCO 

4 

H 

> 

CH20 

4 

M 


1 .959E+16 

0 . 0 

0 . 0 

HCO 

+ 

O 

> 

CO 

4 

OH 


1 . OE+14 

0 . 0 

0 . 0 

CO 

+ 

OH 

> 

HCO 

4 

O 


1 .144E+05 

0.0 

0 . 0 

HCO 

4 

OH 

> 

CO 

4 

H20 


1 . OE+14 

0.0 

0 . 0 

CO 

4 

H 20 

> 

HCO 

4 

OH 


1 .265E+04 

0.0 

0 . 0 

HCO 

+ 

H 

> 

CO 

4 

H2 


2 . OE+14 

0.0 

0 . 0 

CO 

4 

H2 

> 

HCO 

4 

H 


2 .771E+05 

0.0 

0 . 0 

M 

4 

HCO 

> 

H 

4 

CO 


4 . 216E+10 

0.0 

0 . 0 

H 

4 

CO 

> 

HCO 

4 

M 


3 . 628E+12 

0.0 

0 . 0 

CO 

+ 

OH 

> 

CO 2 

4 

H 


5 . 360E+11 

0 . 0 

0 . 0 

CO 2 

+ 

H 

> 

CO 

4 

OH 


2 .289E+11 

0.0 

0 . 0 

H2 

+ 

OH 

> 

H20 

4 

H 


1 . 807E+13 

0.0 

0 . 0 

H20 

+ 

H 

> 

H2 

4 

OH 


1 .807E+12 

0.0 

0 . 0 

O 

+ 

H2 

> 

OH 

4 

H 


7 .228E+12 

0.0 

0 . 0 

OH 

+ 

H 

> 

O 

4 

H2 


6 . 625E+12 

0 . 0 

0 . 0 

H 

+ 

02 

> 

OH 

4 

O 


3 . 216E+12 

0 . 0 

0 . 0 

OH 

+ 

O 

> 

H 

4 

02 


1 . 385E+13 

0 . 0 

0 . 0 

H 

+ 

OH 

> 

H20 

4 

M 


2 . 104E+15 

0 . 0 

0 . 0 

THIRDBODY 










H20 

16.7 

END 









M 

4 

H20 

> 

H 

4 

OH 


3 . 096E+03 

0 . 0 

o 

o 

THIRDBODY 










H20 

16 .7 

END 









H 

+ 

H02 

>2 

. OOH 




1 . 554E+14 

0 . 0 

0.0 


2 . 

OOH 

> 

H 

4 

H02 


6 . 023E+08 

0.0 

0.0 

H 

+ 

02 

> 

H02 

4 

M 


1 .930E+15 

0.0 

0 . 0 

M 

4 

H02 

> 

H 

4 

02 


2 . 168E+10 

0.0 

0 . 0 

OH 

4 

OH 

> 

0 

4 

H20 


9.456E+12 

0.0 

0.0 

O 

4 

H20 

> 

OH 

4 

OH 


1 . 205E+12 

0.0 

0.0 


AR 

TIME 

&prob rhocon= . true . , tcon=.true., sencal= . true . , print= 2.5E-5, 


&end 

&etart t=2 000 . 0 , p=6.729, &end 


CH4 

0 

.09172 

02 

0 , 

.18344 

AR 

0 . 

.72484 



TABLE E.l. — Continued. 


mf=21 / emax=l . OE- 3 , atolsp=l . OE- 12 , 


CO 2 4.0494E-20 

H2 4 . 0494E- 20 

END 

ksolver 
SENS VAR 
ALLS P 
REAC 
ksenrxn 
FINIS 

FORMALDEHYDE OXID.: DOUGHERTY ET AL, J. 
NEW 

HCO + 02 

H02 + CH20 

M + H202 

CH20 + OH 

OH + H202 

H202 
H02 


&end 


HO 2 

CO 

CO 

CH20 

H 

H 

M 

0 

CH20 

H 

H 

O 

H2 

CH20 

H 

H02 

H 


END 


sensaj = . true . , allrxn= . true . 


> CO 

> H202 

> 2 - OOH 


&end 


H02 

OH 

H02 

H 

02 
02 
HO 2 
H2 
O 

H202 

H202 

H202 

HCO 

OH 

02 

H02 

H 

H02 


HCO 

H20 

H202W 

H02W 

H202 

CO 2 

CO 2 

HCO 

OH 

H02 

H 

OH 

HCO 

H02 

H20 

OH 

H 

H20 

HCO 


> 2 . OOH 

> H20 

> H2 


CHEM PHYS, 

V71, P1794, 

1979 . 


H02 

6 . 02E+10 

0 . 

0 . 

HCO 

3 .43E+10 

0 . 

0 . 


4 . 01E+06 

0. 

0 . 

H20 

9 . 64E+13 

0. 

0 . 

H02 

3 . 07 E+12 

0. 

0 . 


1.05E+2 

0 . 

0 . 


1.05E+1 

0. 

0 . 

02 

1 . 81E+12 

0 . 

0 , 

H 

1 .99E+11 

0. 

0 . 

OH 

7 . 23E+08 

0. 

0 

H2 

1 .63E+12 

0. 

0 

O 

3 . 32E+10 

0 . 

0 

M 

3 . 63E+15 

0. 

0 

02 

2 . 83E+05 

0. 

0 

H 

1 .82E+11 

0 , 

0 

OH 

6 . 02E+13 

0. 

0 

H2 

7 . 83E+11 

0 . 

0 

OH 

3 . 55E+12 

0 . 

0 

H02 

6 . 02E+10 

0. 

0 

CO 

4 .60E-12 

0 . 

0 

H 

6 . 02E+12 

0 . 

0 

H02 

1 .7 5E+04 

0. 

0 


3 . 01E+12 

0 . 

0 

O 

3 . 01E+13 

0. 

0 

02 

2,71E+13 

0 . 

0 


CASE 5 


N2 

TIME 

tprob rhocon= . true . , tcon= . true . , 
print= 1 . OE - 06,5. OE- 03 , &end 
&start t=952 . 0 , p^O. 918066, &end 
CH20 0.009564 

CO 0.399833 

02 0.179453 

N2 0.411150 

END 

ksolver 
SENS VAR 
ALLSP 
REAC 
&senrxn 
FINIS 

WET CO OXIDATION: 

NEW 


sencal- . true . , tiny=0.1. 


emax=l . OE- 06 , atolsp=l . OE- 08 , &end 


END 


allrxn= . true . , sensaj = . true . , order= . true . , &end 

YETTER ET AL , COMB & FLAME, V59, P107 , 1985. 


HCO 

+ 

H 

> 

CO 

+ 

H2 

CO 

+ 

H2 

> 

HCO 

+ 

H 

HCO 

+ 

OH 

> 

CO 

+ 

H20 

CO 

+ 

H20 

> 

HCO 

+ 

OH 

HCO 

+ 

O 

> 

CO 

+ 

OH 

CO 

+ 

OH 

> 

0 

+ 

HCO 

HCO 

+ 

02 

> 

CO 

+ 

H02 

CO 

+ 

H02 

> 

HCO 

+ 

02 

CO 

+ 

H02 

> 

CO 2 

+ 

OH 

CO 2 

+ 

OH 

> 

CO 

+ 

H02 

CO 

+ 

OH 

> 

CO 2 

+ 

H 

CO 2 

+ 

H 

> 

CO 

+ 

OH 

CO 2 

+ 

O 

> 

CO 

+ 

02 

CO 

+ 

02 

> 

CO 2 

+ 

O 

H 

+ 

02 

> 

OH 

+ 

O 

OH 

+ 

O 

> 

H 

+ 

02 

O 

+ 

H2 

> 

OH 

+ 

H 

OH 

+ 

H 

> 

O 

+ 

H2 

O 

+ 

H20 

> 

OH 

+ 

OH 

OH 

+ 

OH 

> 

O 

+ 

H20 

H20 

+ 

H 

> 

OH 

+ 

H2 

OH 

+ 

H2 

> 

H20 

+ 

H 

OH 

+ 

H202 

> 

H20 

+ 

H02 

H20 

+ 

H02 

> 

OH 

+ 

H202 

O 

+ 

H02 

> 

OH 

+ 

02 

OH 

H 

+ 

+ 

02 

H02 

> 

>2 , 

O 

. OOH 

+ 

H02 


2.0E+14 0. 

1.716E-3 0. 

1 . 0E+14 0. 

3.656E-06 0. 

3 . 012E+13 0. 

2 . 867 E * 04 0. 

3 . 015 E+ 12 0 . 

2 . 590E+06 0. 

3 . 084E+09 0. 

1 .777 E- 02 0. 

1.921E+11 0. 

7 . 890E+08 0.0 

4 . 434E+02 0. 

8 . 492E+02 0. 

1.126E+11 0. 

1 . 385E+13 0. 

3 . 385E+11 0 . 

3 . 831E+11 0.0 

1 . 6 5 0E+ 1 0 0. 

4.108E+12 0. 

7.709E+09 0. 

1 . 837 E+12 0. 

3.632E+12 0. 

7.107E+06 0. 

2 . 168E+13 0. 

2.475E+02 0. 

1.126E+14 0. 


CASE 6 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0.0 

0 . 

0.0 
0 . 

0 . 0 
0 . 

0 . 0 
0 . 

0.0 
0 . 

0.0 
0 . 

0 . 0 
0 . 

0 . 0 
0 . 

0 . 0 
0.0 
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TABLE E.l. — Continued. 


OH 

+ 

OH 

> 

H 

+ 

H02 

1 .385E+05 

0 . 

0 . 0 

H 

+ 

HO 2 

> 

H2 

+ 

02 

2 . 506E+13 

0 . 

0 . 0 

H2 

+ 

02 

> 

H 

+ 

HO 2 

2 .487E+02 

0 . 

0.0 

H02 

+ 

OH 

> 

H20 

+ 

02 

1 . 313E+13 

0 . 

0.0 

H20 

+ 

02 

> 

H02 

+ 

OH 

5 .529E-01 

0 . 

0.0 

02 

+ 

H202 

>2 . 

. 0HO2 



1 .349E+05 

0 . 

0.0 

H02 

+ 

H02 

> 

02 

+ 

H202 

6 . 324E+12 

0 . 

0 . 0 

H02 

+ 

H2 

> 

H202 

+ 

H 

1.403E+08 

0 . 

0 . 

H202 

+ 

H 

> 

H02 

+ 

H2 

3 . 054E+11 

0 . 

0.0 

M 

+ 

02 

> 

0 

+ 

0 

2 .030E-08 

0 . 

0 . 

O 

+ 

O 

> 

02 

+ 

M 

1 . 861E+14 

0 . 

0.0 

M 

+ 

H2 

> 

H 

+ 

H 

1. 850E-05 

0 . 

0. 

H 

+ 

H 

> 

H2 

+ 

M 

3 . OOOE+15 

0 . 

0.0 

M 

+ 

OH 

> 

0 

+ 

H 

1.807E-04 

0 . 

0. 

O 

+ 

H 

> 

OH 

+ 

M 

1 . 001E+16 

0 . 

0.0 

M 

+ 

H202 

>2 

. OOH 



1 .090E + 08 

0 . 

0 . 

OH 

+ 

OH 

> 

H202 

+ 

M 

9 . 251E + 15 

0 . 

0 . 0 

M 

+ 

H20 

> 

H 

+ 

OH 

3 .012E-05 

0 . 0 

0 . 

H 

+ 

OH 

> 

H20 

+ 

M 

1 .157E+17 

0 . 0 

0 . 0 

M 

+ 

H02 

> 

H 

+ 

02 

1 .753E+06 

0 . 

0 . 

H 

+ 

02 

> 

HO 2 

+ 

M 

2 . 605E+15 

0 . 

0 . 0 

M 

+ 

CO 2 

> 

CO 

+ 

O 

3 . 234E-08 

0 . 

0 . 

CO 

+ 

O 

> 

CO 2 

+ 

M 

9 . 069E+14 

0.0 

0 . 0 

M 

+ 

HCO 

> 

H 

+ 

CO 

2 .777E+10 

0 . 

0 . 

H 

+ 

CO 

> 

HCO 

+ 

M 

3 . 210E+14 

0 . 

0 . 0 


N2 

TIME 

fcprob r hoc on= . true . , tcon=.true., sencal=. true . 

print=l .OE-4, 1 . OE- 1, 1 . 0E2, tend 
&start t=1100 . 0 , p=1.0, &end 
CO 0.002 

H20 0.01 

02 0.028 

N2 0.96 

END 


StBolver emax— 1 . 0E- 3 , atolsp=l . OE- 12 , &end 
SENS VAR 
CO H2 

END 
INIT 

HCO H OH 0 H02 

REAC 


H202 


&senrxn sensaj=. true . , allrxn= . true . , output-. false . 
&end 
FINIS 

SIMPLE NONISOTHERMAL TEST CASE R> P 


NEW 


DUMR > DUMP 


END 

, order= . true . , 

1.0 1.0 


CASE 7 

0.0 


104 


TIME PRESSURE 

&prob pcon=.true., sencal= . true . , senstd= . true . , 
print=1.0E-06, 1.0E-04,1 . 0E-02, &end 
fcstart t=1000 . 0 / p=1.0, &end 
DUMR 1.00 

END 


&solver emax=1.0E-3, atolsp=l . 0E- 12 , &end 
INIT 

ALL END 

SENSVAR 

ALL END 

REAC 


&eenrxn Bensaj = . true . , sensnj = . true . , sense j = . tiTie . # allrxn= . true . , 

&end 

FINIS 

HYDROGEN COMBUSTION IN STANDARD AIR AT 3.10 ATM CASE 8 

NEW 


CO 

+ 

O 

= 

CO 2 

+ 

M 

5 . 888E+15 

0 . 

4100 . 

CO 

+ 

02 

= 

CO 2 

+ 

0 

2 . 512E+12 

0 . 

47690 

CO 

+ 

OH 

= 

CO 2 

+ 

H 

4 . 169E+11 

0 . 

1000 

CO 


H02 

= 

CO 2 

+ 

OH 

5 .7 54E+13 

0 . 

22930 

o 

+ 

H20 

= 

OH 

+ 

OH 

6 . 8E+13 

0 . 0 

18365 

H 

+ 

02 

= 

OH 

+ 

O 

1.89E+14 

0 . 

16400 

o 

+ 

H2 

= 

OH 

+ 

H 

4 . 20E+14 

0 . 

13750 

H 

+ 

H02 

= 

H2 

+ 

02 

7 . 28E+1 3 

0 . 

2126 . 

0 

+ 

H02 

= 

OH 

+ 

02 

5 . 0E+13 

0 . 

1000. 

H02 

+ 

OH 

= 

H20 

+ 

02 

8.0E+12 

0 . 

0. 

H 

+ 

H02 

=2 

. OOH 



1.34E+14 

0 . 

107 0 . 

H2 

+ 

H02 

= 

H202 

+ 

H 

7 . 91E+13 

0. 

25000 

OH 

+ 

H202 

= 

H20 

+ 

H02 

6 . 1E+12 

0. 

1430. 

H02 

+ 

H02 

- 

H202 

•f 

02 

1.8E+12 

0. 

0. 



TABLE E.l. — Continued. 


H 

+ 

H202 


= 

OH 

+ 

M 

+ 

H202 


=2 . 

OOH 


THIRDBODY 






H2 

2. 

30 

02 


.78 


END 







H2 

+ 

OH 


- 

H20 

+ 

H 


02 



H02 

+ 

THIRDBODY 






02 

1 . 

30 

N2 


1.3 


END 







M 

+ 

H20 


= 

H 

+ 

THIRDBODY 






H2 

4 . 

00 

02 


1.5 


END 







H 

+ 

O 


= 

OH 

+ 

M 

+ 

H2 


= 

H 

+ 

THIRDBODY 






H2 

4 . 

. 10 

02 


2 . 0 


END 







M 

+ 

02 



0 

+ 

H02 

+ 

NO 


= 

NO 2 


O 

+ 

NO 2 


S= 

NO 

+ 

NO 

+ 

O 


= 

NO 2 

+ 

NO 2 

+ 

H 



NO 

+ 

NO 

+ 

O 


= 

N 

+ 

O 

+ 

N2 


= 

NO 

+ 

NO 

+ 

H 


= 

N 

+ 

M 

+ 

N20 


= 

N2 

+ 

O 

+ 

N20 


= 

N2 

+ 

O 

+ 

N20 


=2 

. ONO 


N 

+ 

NO 2 


=2 

. ONO 


N20 

+ 

H 


= 

N2 

+ 

NO 2 

+ 

H2 


= 

HN02 

+ 

OH 

+ 

NO 2 



HNO 3 

+ 

THIRDBODY 






02 

0 

.70 

H2 


1.4 


OH 

+ 

NO 


= 

HNO 2 

+ 

HNO 

+ 

H 


= 

H2 

+ 

H 

+ 

NO 


= 

HNO 

+ 

HNO 

+ 

OH 


= 

H20 

+ 


H20 

7 . 8E+11 

0 . 

0 . 


1.44E+17 

0. 

45510. 

H20 

6.0 H202 

6.6 

H 

4 .74E+13 

0. 

6098. 

M 

1.46E+15 

0. 

-1000 . 

H20 

21.3 H2 


5.0 

OH 

1 .30E+15 

0 . 

105140 

H20 

20.0 N2 


1.5 

M 

7 . 1E+18 

-1 . 

0 . 

H 

2.2E+14 

0. 

96000 

H20 

15.0 N2 


2.0 

0 

1 . 80E+18 

'1 . 

118020 

OH 

2 . 09E+12 

0 . 0 

-477 . 

02 

1 . 0E+13 

0 . 0 

596 . 

M 

5 . 62E+15 

0 . 

-1160 . 

OH 

3 . 47E+14 

0 . 

147 0. 

02 

3 . 8E+9 

1.0 

41370 . 

N 

1.8E+14 

0. 

76250. 

OH 

2 . 63E+14 

0 . 

50410. 

0 

6 . 92E+23 

-2.5 

65000. 

02 

1 .OE+14 

0 . 

28020 . 

6 . 92E+13 

0. 

26630 . 


4 . 0E+12 

0 . 

0.0 

OH 

7 . 59E+13 

0 . 

15100. 

H 

2.4E+13 

0 . 

29000 . 

M 

3 . OE+15 

0 . 

-3800 . 

END 

M 

5 . 6E+15 

0 . 

-1700. 

NO 

5.0E+12 

0 . 

0 . 

M 

5.4E+15 

0 . 

-600 . 

NO 

3 . 6E+13 

0. 

0. 


AR 

TIME PRESSURE 

&prob Bencal= . true . , tiny=1.0E-7, 

print= 1.0E-4, 1.8E-4, 2.0E-4, CtO= 

t= 950.66, &end 
0 . 2952726 
0 . 1476404 

2 . 1140E- 4 
0 . 5458075 
0 . 0045 

6 . 5681E-3 


3.1, 


&end 


fcstart 

H2 

02 

C02 

N2 

NO 

AR 

END 

&solver 

INIT 

CO 


emax“ 1.0E-4, atolBp= 1.0E-13, 


&end 


H2 


02 


HO 2 


H202 


NO 


TEMP DENSITY 


ksenrxn sensaj= . true . , sense j- . true . , output- . false . , order” . true . , 
rxnum= 5.0,6.0,8.0,11.0,17 .0,18.0, &end 


SENS VAR 


CO 

CO 2 

OH 


H20 

FINIS 





BENZENE - 

OXYGEN -AR SHOCK 

IGNITION 

NEW 





C6H6 

+ 

02 

= 

C6H50 

C6H6 

+ 

C6H5 


C12H10 



C6H6 

= 

C6H5 

C6H6 

+ 

H 

= 

C6H5 

C6H6 

+ 

O 

= 

C6H50 

C6H6 

+ 

OH 

= 

C6H5 

M 

+ 

C4H3 

= 

C4H2 



C6H50 

= 

C5H5 

C6H5 

+ 

02 

= 

C6HSO 

C6H5 

+ 

HO 2 

= 

C6H50 



C6H5 

= 

C4H3 



C6HSOH 

= 

C6H50 

C6H50H 

+ 

H 

= 

C6H6 

C6H50H 

♦ 

H 

= 

C6H50 

C5H5 

+ 

C6HSOH 

= 

C6HSO 



C5H6 

= 

C5H5 

C5H6 

+ 

02 

= 

C5H50 


H2 NO 


TEMP END 


- WITH SENSITIVITY MECHANISM K-70 CASE 9 


+ OH 
+ H 
+ H 
+ H2 
+ H 
+ H20 

+ H 
+ CO 
+ O 
+ OH 
+ C2H2 
+ H 
+ OH 
+ H2 
+ C5H6 
+ H 
+ OH 


4.0E+13 

0 . 

34000 . 

4.0E+11 

0 . 

4000. 

1 . 0E+16 

0. 

108000 

2 . 5E+14 

0 . 

16000. 

2 . 7 83E+13 

0 . 

4910. 

2 . 132E+13 

0. 

4580. 

1.0E+16 

0.0 

60000 . 

2 . 51E+11 

0 . 

43900 . 

2.1E+12 

0 . 

7470. 

2 . 0E+13 

0. 

1000 . 

4.50E+13 

0. 

72530 . 

2 . 00E+16 

0. 

88000 . 

2 . 20E+13 

0 . 

7910 . 

1 . 15E+14 

0 . 

12405 . 

2 . 67 E+14 

0 . 

25227 . 

8.13E+24 

-2.981 

78682 . 

1 .0E+13 

0 . 

20712 . 
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TABLE E.l. — Continued. 


C6H50H 

♦ 

OH 

- 

C6H50 

+ 

H20 

3.0E+13 

0. 

0. 

C6HSOH 

+ 

H02 


C6H50 

+ 

H202 

3 . OE+13 

0. 

1500 . 



C5H50 

= 

C4H5 

+ 

CO 

3 . OE+16 

0 . 

15000 . 

C5H5 

+ 

0 

= 

C5H50 



1. OE+13 

0. 

0 . 

C5H5 

+ 

OH 

= 

C5H40H 

♦ 

H 

1 . OE+13 

0. 

0 . 



C5H40H 

= 

C4H4 

+ 

HCO 

1.0E+15 

0. 

22000 . 

C5H5 

+ 

H02 

= 

C5H50 

+ 

OH 

2 .OE+13 

0. 

0 . 


2 , 

. 0C6H5 

= 

C12H10 



3.1E+12 

0. 

0 . 



C4H5 


C2H3 

+ 

C2H2 

1 .4E+13 

0. 

32900 . 

C4H2 

+ 

O 

- 

C2HO 

+ 

C2H 

1 .OE+13 

0. 

0 . 

C4H2 

+ 

OH 

= 

HCO 

+ 

C3H2 

3 . OE+13 

0. 

0 . 

C4H2 

+ 

O 

= 

CO 

+ 

C3H2 

1 .2E+12 

0 . 

0 . 

M 

+ 

C2H4 

= 

C2H2 

+ 

H2 

9 . 33E+16 

0 . 

77200 . 

C2H4 

+ 

OH 

= 

C2H3 

+ 

H20 

4 . 7 86E+12 

0 . 

1230 . 

C2H4 

+ 

0 


CH3 

+■ 

HCO 

3.31 1E+12 

0 . 

1130 . 

C2H4 

+ 

O 

= 

CH20 

+ 

CH2 

2 . 512E+13 

0 . 

5000 . 

C2H4 

+ 

OH 


CH3 

+ 

CH20 

1 . 995E+12 

0 . 

960 . 

M 


C2H3 

= 

C2H2 

+ 

H 

3 . OE+15 

0 . 

32000 . 

C2H3 

+ 

02 

= 

CH20 

+ 

HCO 

3 . 98E+12 

0 . 

- 250 . 

C2H3 

+ 

H 


C2H2 

+ 

H2 

6 . OE+12 

0 . 

0 . 

C2H3 

+ 

OH 

= 

C2H2 

+ 

H20 

5 . 012E+12 

0 . 

0 . 

C2H3 

+ 

CH2 

— 

C2H2 

+ 

CH3 

3 . 020E+13 

0 . 

0 . 

C2H3 

+ 

C2H 

=2 , 

, 0C2H2 



3 . 020E+13 

0 . 

0 . 

C2H3 

+ 

O 

- 

C2H20 


H 

3 . 3E+13 

0 . 

0 . 

CH2 

+ 

CH2 

= 

C2H2 

+ 

H2 

4 .OE+13 

0. 

0 . 

CH2 

+ 

CH2 

= 

C2H3 

+ 

H 

5 . 012E+12 

0. 

0 . 

CH2 


OH 

= 

CH 

+ 

H20 

2 . 51E + 11 

.67 

25700 . 

CH2 

+ 

O 


CH 

+ 

OH 

2 .OE+11 

.68 

25000 . 

CH2 

+ 

02 

= 

CO 2 

+ 2 

. OH 

1 .59E+12 

0 . 

1000. 

M 

+ 

C2H2 

= 

C2H 

+ 

H 

4 . 169E+16 

0 . 

107000 

C2H2 

+ 

C2H2 

= 

C4H3 

+ 

H 

2 . OE+12 

0 . 

45900 . 

C2H2 

+ 

0 

= 

CH2 

+ 

CO 

1 .6E+14 

0.0 

9890 . 

C2H2 

+ 

0 

= 

C2HO 

+ 

H 

4 . OE+14 

0.0 

10660 . 

C2H2 

+ 

OH 


C2H 

+ 

H20 

6 . 310E+12 

0 . 

7000 . 

C2H2 

+ 

OH 


C2H20 

+ 

H 

3 -2E+11 

0 . 

200 . 

C2H2 

+ 

C2H 

= 

C4H2 

+ 

H 

3 .OE+13 

0 . 

0 . 

C2H2 

+ 

CH2 

= 

C3H3 

+ 

H 

1.2E+13 

0 . 

6600 . 

M 

+ 

C3H4 

- 

C3H3 

+ 

H 

2 . OE+17 

0 . 

65000 . 

C2H20 

+ 

OH 

= 

CH20 

+ 

HCO 

2 -8E+13 

0 . 

0 . 

C2H20 

+ 

OH 

= 

C2HO 

+ 

H20 

7 . 5E+12 

0 . 

3000 . 

C2H20 

+ 

H 


CH3 

+ 

CO 

1 .13E+13 

0 . 

3428 . 

C2H20 

+ 

H 

= 

C2H0 

+ 

H2 

7 . 5E+13 

0 . 

8000 . 

C2H20 

+ 

0 

= 

C2HO 

+ 

OH 

5 . OE+13 

0 . 

8000 . 

C2H20 

+ 

O 

= 

CH20 


CO 

2 . OE+13 

0 . 

0 . 

M 

+ 

C2H20 

= 

CH2 

+ 

CO 

2 .OE+16 

0 . 

60000 . 

C2HO 

+ 

02 

=2 . 

. OCO 

+ 

OH 

1 .46E+12 

0 . 

2500 . 

C2HO 

+ 

0 

=2 . 

. OCO 


H 

1 .202E+12 

0 . 

0 . 

C2HO 

+ 

OH 

=2 . 

. OHCO 



1. OE+13 

0 . 

0 . 

C2HO 

+ 

H 

= 

CH2 

+ 

CO 

5 .OE+13 

0 . 

0. 

C2HO 

+ 

CH2 

= 

C2H3 

+ 

CO 

3 . OE+13 

0 . 

0 . 

C2H0 

+ 

CH2 

= 

CH20 


C2H 

1 . OE+13 

0 . 

2000 . 


2 

. OC2HO 

= 

C2H2 

+ 2 

. OCO 

1 . OE+13 

0 . 

0 . 

C2H 

+ 

OH 

= 

C2HO 

+ 

H 

2 .OE+13 

0. 

0 . 

C2H 

+ 

02 

= 

C2HO 

+ 

O 

5 . 00E + 13 

0. 

1500 . 

C2H 

+ 

0 

= 

CO 

+ 

CH 

5 . 012E+ 13 

0 . 

0 . 

M 

+ 

CH4 

= 

CH3 

+ 

H 

2 .OE+17 

0 . 

88000 . 

CH4 

+ 

02 

= 

CH3 

+ 

H02 

7 . 94 3E+13 

0 . 

56000 . 

CH4 

+ 

H 

- 

CH3 

+ 

H2 

1 .26E+14 

0 . 

11900 . 

OH 

+ 

CH4 

= 

CH3 

+ 

H20 

2 . 5E+13 

0. 

5010 . 

O 

+ 

CH4 

- 

CH3 


OH 

1.9E+14 

0 . 

11720 . 

CH3 

+ 

02 

- 

CH30 

4- 

O 

4 .786E+13 

0. 

29000 . 

CH3 

+ 

OH 

= 

CH30 

+ 

H 

6.3E+12 

0 . 

0 . 

M 

+ 

CH 30 

- 

CH20 

+ 

H 

5 .OE+13 

0 . 

21000 . 

CH30 

+ 

02 

= 

CH20 

+ 

H02 

1. OE+12 

0 . 

6000 . 

CH30 

+ 

H 

- 

CH20 

+ 

H2 

2 .OE + 13 

0. 

0 . 

CH3 

+ 

CH3 

= 

C2H4 

+ 

H2 

1. OE+16 

0 . 

32000 . 

CH3 

+ 

0 

- 

CH20 

+ 

H 

1 .288E + 14 

0 . 

2000 . 

CH3 

+ 

CH20 

- 

CH4 

+ 

HCO 

1 . 0E+10 

0 . 5 

6000 . 

CH3 

+ 

HCO 

- 

CH4 

+ 

CO 

3 . 020E+11 

. 5 

0 . 

CH3 

+ 

H02 

= 

CH 30 

+ 

OH 

2 . 00E+13 

0 . 

0 . 

M 

+ 

CH20 

- 

HCO 

+ 

H 

5 .OE+16 

0 . 

81000 . 

CH20 

+ 

OH 

= 

HCO 

+ 

H20 

3 .OE+13 

0. 

1200 . 

CH20 

+ 

H 

= 

HCO 

+ 

H2 

2.5E+13 

0 . 

3990 . 

CH 20 

+ 

0 


HCO 

+ 

OH 

3 . 5E+ 13 

0 . 

3510. 

HCO 

+ 

H02 

- 

CH20 

+ 

02 

1. OE+14 

0 . 

3000. 

M 

+ 

HCO 

- 

H 

+ 

CO 

2 . 94E+14 

0 . 

15569 . 

HCO 

+ 

02 

= 

CO 

+ 

H02 

3 . 311E+12 

0. 

7000 . 

HCO 

+ 

OH 

= 

CO 

+ 

H20 

1. OE+14 

0. 

0 . 

HCO 

+ 

H 

= 

CO 

+ 

H2 

1 . 995E+14 

0. 

0 . 

HCO 

♦ 

0 

= 

CO 

+ 

OH 

1. OE+14 

0. 

0 . 

CH 

+ 

02 

= 

HCO 

+ 

0 

1. OE+13 

0. 

0 . 

CO 

+ 

0 

= 

CO 2 

+ 

M 

5.9E+15 

0 . 

4100. 
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TABLE E. 1 . — Concluded. 


CO 

+ 

02 

= CO 2 

+ O 

2 . 5E+12 

0. 

47690 . 

CO 

+ 

OH 

= CO 2 

+ H 

4 . 17E+1 1 

0 . 

1000 . 

CO 

+ 

H02 

= C02 

+ OH 

5 .7 5E+13 

0. 

22930 . 

O 

+ 

H20 

= OH 

+ OH 

6 . 8E+13 

0. 

18365 . 

H 

+ 

02 

= OH 

+ O 

1.89E+14 

0 . 

16400 . 

0 

+ 

H2 

= OH 

+ H 

4 . 20E+14 

0 . 

13750 . 

H 

+ 

HO 2 

= H2 

+ 02 

7 . 28E+13 

0 . 

2126. 

0 

+ 

H02 

= OH 

+ 02 

5 . OE+13 

0 . 

1000 . 

H02 

+ 

OH 

= H20 

+ 02 

8.0E+12 


0 . 

H 

+ 

HO 2 

=2 . OOH 


1 .34E+14 

0 . 

1070 . 

H2 

+ 

H02 

= H202 

+ H 

7 . 91E+13 

0 . 

25000. 

OH 

+ 

H202 

= H20 

+ H02 

6.1E+12 

0 . 

1430. 

H02 

+ 

H02 

= H202 

+ 02 

1.8E+12 

0 . 

0. 

H 

+ 

H202 

= OH 

+ H20 

7 . 8E+11 

0 . 

0 . 

M 

+ 

H202 

= OH 

+ OH 

1.44E+17 

0 . 

45510. 

THIRDBODY 







H2 

2 

. 30 

02 .7 8 

H20 

6.0 H202 

6.6 

END 








H2 

+ 

OH 

= H20 

+ H 

4 . 74E+13 

0 . 

6098. 

H 

+ 

02 

= H02 

+ M 

1 .46E+15 

0 . 

-1000 . 

THIRDBODY 







02 

1 

. 30 

CO 2 7 . 0 

H20 

21.3 H2 


3.0 

C6H6 

20 . 0 

CH4 5.0 

END 




M 

+ 

H20 

= H 

+ OH 

1 .30E+15 

0 . 

105140 

THIRDBODY 







H2 

4 

. 00 

02 1.5 

H20 

20.0 C6H6 

20.0 

CO 2 

4 

.00 

END 





H 

+ 

0 

= OH 

+ M 

7 . 1E+18 

-1 . 

0 . 

M 

+ 

H2 

= H 

+ H 

2.2E+14 

0 . 

96000 

THIRDBODY 







H2 

4 

. 10 

02 2.0 

H20 

15.0 END 


M 

+ 

02 

= 0 

+ 0 

1 .80E+18 

-1 . 

118020 

AR 








TIME 








&prob 

iprint=50. 

rhocon = . true 

. , sencal= . true . , tiny=1.0E 

-7 , 


end=3 . 

07 E - 

4 , &end 





&start 

t= 1405 .0, 

p=2 .3868, 

& end 




C6H6 

0 . 

01690 






02 

0 . 

12582 






AR 

0 . 

85728 






END 








&solver 

emax- 1.0E-4, atolep= l.i 

0E-13, &end 




SENS VAR 








C6H6 

C6H5 

H20 CO 

C2H2 

C6H50H C5H6 

TEMP 

DENSITY 

PRESSURE 

END 





INIT 








C6H6 

OH 


AR TEMP 

DENSITY 

END 



REAC 








&senrxn 

Bensaj= . true . , sensej = . true . , 




rxnum=l 

.0,2 

.0,3.0, 

4 . 0, 5 .0, 6 .0,7 . 0 

,8.0,10.0,11.0 

,12.0,13.0, 



14.0,15.0, 

16.0, 17 

.0,18 .0,19 .0, 20 

.0, 21.0, 101.0, 

104 .0,116 .0, 

&end 



FINIS 



TABLE E.2. — SELECTED SENSITIVITY TEST CASE RESULTS 
(a) Case 1 


DATA LIMES 
4 


1 2 3 4 5 6 7 8 

1234 5678901234567890123456789012345678901234567890123* 56789 01234 56 78901234567890 


SIMPLE TEST CASE A - B 
SPECA 
SPECB 


HUANG, JT, PRDC. MSC TAIWAN, 

> SPECB 

> SPECA 

- BLANK LINE - 

- BLANK LINE - 


TIME 

tprob i hocan= . tr ue . , Uon s . tru« 
print-1 . 5E-04, 1 . 0E-03, 2 . 0E-02, 
4s1.fl.rt p = l . 0 , t = 300 0 , Aand 


, cental - . true 
Bend 


SPECA 

0 . 99901 

SPECB 

END 

0 0009 1 

4s»o l ver 

I HI T 

•max- 1 

AUSP 

SEN5VAR 

END 

ALLSP 

REAC 

END 

8 i*uiir xu 
FINIS 

s»an&ti J 


ax s 1 , OE -06 , etol»P*0.0, A«nd 


el lrxn s . true . 


PARI B , V6. P37, 1982. CASE 1 
1 00E t 0 3 
1 OOEtOO 


se '.std= . true . 


»*« THE FOLLOWING 1 ELEMENTS CONSIDERED FOR THIS PROBLEM *** 

A 

ku THE FOLLOWING 2 REACTING SPECIES CONSIDERED FOR THIS PROBLEM *** 
SPECA SPECB 

*»* NO INERT SPECIES CONSIDERED FOR THIS PROBLEM *** 


«* THERMODYNAMIC DATA, MOLECULAR HEIGHT AND HEAT OF FORMATION AT 25 C *** 


SPECA 

MWT = 

0 . 25161474E* 01 

0 . OOOOOGOOE*! 

0 . Z5161474E*Q1 

0 . OOOOOOOQE* 1 

SPECB 

MHT = 

0 . 2516 1474E*01 

0 Q0000000E* 

0.251614746*01 

o . ooooooooe* 


0 .00099900 


0 . 00099900 

) 0 0 . oooooooqe*oo 


00 

H ( 25 C) = 1.49Q7E*03 CAL/MOL E 

0 OOOOOOUOEtOO O.OCOOOOOOE+OO 

O.OOOUUUOUE1QQ 

0. OOOOOOOOEHIU 

00 

0 . ooooooooe*oo 

O.OCOOOOOOEtOO 

0 . OOOOOUOOE < 00 

0 . OOOOOOOGt *00 

00 

H( 25 C) = 1.490?E*0‘ CAL/MOL E 

0 000000006*00 0 . 0C000000E » 00 

D . OOOOOOOOF* 00 

0. OOOOOUOOE too 

00 

0 . 0 0000000 E * 00 

O.OfOOOOOOElOO 

0 . 000000006*00 

0.000(10000 6*00 


LEWIS SENSITIVITY AND GENERAL KINETICS i ROGRAM 


NASA LEWIS RESEARCH CENTER 


SIMPLE TEST CASE A = B « HWANG, JT, PROC . NSC TAIWAN, PART B V6 , P37, 


1982. CASE 1 


REACI ION 
NUMBER 

REACTION 


1 

2 

1*SPECA > 1 

laSPECB > 1 

KSPECB 
L SPEC A 


R LAC I 1UM 
A 

1 .000006*03 
1 . 000006*00 


KAIL VARIABLES 
N 

0 . 0000 
0 . 0000 


ACT IVAT ION 
ENERGY 
0 . 00 
0 . 00 
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TABLE E.2. — Continued, 
(a) Continued. 


XX tifiEJ INPUT DATA GIVEN IN CGS UNITS ** 


x* OUTPUT REQUIRED IN CGS UNITS x* 


xx ASSIGNED VARIABLE PROFILE ** 

THIS IS A CONSTANT DENSITY PROBLEM - AN ASSIGNED VARIABLE IS NOT REQUIRED 

THE TEMPERATURE HILL BE HELD CONSTANT FOR THIS CASE 

NUMBER OF REACTING SPECIES. 2 

NUMBER OF INERT SPECIES. 0 

NUMBER OF SPECIES ODE'S REQUIRED FOR THIS CASE. 2 

TOTAL NUMBER OF ODE'S REQUIRED FOR THIS CASE. 2 

INTEGRATION CONTROLS 

INTEGRATION METHOD ( MF ) * 21 MAXIMUM RELATIVE ERROR. 1.00000E-Q6 SPECIES ABSOLUTE ERROR. O.OOOOOE+OO 

MAXIMUM NUMBER OF STEPS ALL 01 IE D FOR THE COMPLETE PKUBLLH. 2UUU 


SPECA SPECB 


SPECA SPECB 


xx** SENSITIVITY ANALYSIS REQUIRED **** 


** SENSITIVITY OF FOLLOWING 2 VARIABLES HILL BE CALCULATED *** 


XX SENSITIVITY HR T INITIAL VALUES OF FOLLOWING 2 VARIABLES REQUIHED 


xxx CONSTANT TEMPERATURE CASE SO SENSITIVITY COEFFICIENTS URT ONLY PREEXPONENTIAL FACTORS WILL BE CALCULATED *** 
NORMALIZATION FACTOR FOR AJ - AJ 


xx SENSITIVITY COEFFICIENTS HRT RATE CONSTANT PARAMETERS REQUIRED FOR FOLLOWING 2 REACTIONS xx 


xx* SENSITIVITY COEFFICIENTS OF FIRST-ORDER TIME DERIVATIVES ALSU REQUIRED x*x 


xx UU ! PUT REQUIRED AT FOLLOWING 


PRINT STATIONS X* 


SI A! ION TIME <SEC) 

1 1.5000UE-0Q 

2 1 . 0 000 OE -03 

3 2. 00D00E-O2 
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TABLE E.2.— Continued, 
(a) Continued. 


R K INITIAL CONDITIONS RR 


TIME 0.00000000 SEC 


AREA O.OOOQOEFOO SQ CM 


AXIAL POSITION 


U,OOUOQE*OQ CM 


FLOW PROPERTIES 


PRESSURE 
< ATM) 

1 . 00000 

VELOCITY 

(CM/SEC) 

0 . 00 

DENSITY 

<G/CM**3) 

A . 0S82IE-0S 

TEMPERATURE 
(DEG K > 

300 . QU 

MASS FI OH RATE 
( GX SEC ) 

0 ooooot+oo 

ENTROPY 
(CAL/G/DEG K) 

28565. IA8A 

MACH NUMBER 

0 . 0000 

GAMMA 

1 .6596 

ENTHA1 PY 
( CAl /U) 

1 . 50I50EL06 

SP. HEAT (CP) 
(CAL/G/DEG K ) 

5. QQ5U0t*GJ 


INTEGRATION INDICATORS 

5 I EPS FROM t AS T PRINT 0 

AVERAGE STEP SIZt O.UOUUOL«UU 

METHOD URUtK 0 

1UTAI MOM HER OF SI EPS 0 

FUNCT EVALUATIONS 0 

JACOBIAN EVALUATIONS 0 


CHEMICAL PROPERTIES 


SPECIES 

SPECA 

SPECB 


CONCENI RATION 
(MOLES/CM»RS) 
A . 05821E-05 
A . 0582DE- 08 


MOLE FRACTION 

9 . 9900IE-01 
9 . 99000E-0A 


HE I SPECIES PRODUC 1 I ON REACTION 
RA1E <M0LE/CM**3/SEC) NUMBER 
-A.05820E-02 1 

A.05B20E02 2 


RAIL CONST 
COS UNITS 
} . LOOOEtOS 
1 . I OOOE* 00 


DERIVATIVES (COS UNIT5)i 


0 . GOOGOE+OO KMO 


0 . QOOOOEtOU 


MIXTURE MOLECULAR HEIGHT 


0 D0100 TOTAL ENERGY EXCHANGE RATE Q.QQOOuE*00 

(CAL CMR*3/G«R2/SEC ) 


ML 1 REACT ION CONV R A l E 
( MOL E-CM*»3/G**2'SEC) 
2.A6A1AEU5 
2 . A6ATAEt 0? 


MASS I RAC I ION SUM 


Nil RA I C/POSI- 
TIVE OIK KAIL 
1 . ouono 
1 ooouo 


. 00000000 


CPU TIME 


FUR I Ml 1 1ALIZAT ION OF L SENS 


0 . A9i 000 3 


TIME 2.UUU00E02 SEC 


AREA 


FI Oil PROPERTIES 


PRESSURE 

LATH) 

1 . 00000 

VEL0C1 TY 
(CM/SEC ) 

0 . 00 

DENSITY 

(G/CM**3> 

A . 05821E-08 

TEMPERATURE 
(DEG K ) 

300 . 00 

MASS FI OH KATE 
(G/SLC) 

0 . OOQOUEFOO 

ENTROPY 
(CAL/G/DEG X) 

28563. 1 A8 A 

MACH HUMBER 

0.0000 

GAMMA 

i .6596 

ENTHAl PY 
(CAl /G) 

i 501 50EF06 

SP HEAT (CP) 
LCAL/U/UEG K) 

5 . U0500EF03 


0 . OOOOUt* 00 


AXIAL P0S1 I I UN 

0 UUUUUL * OU 

1 1 EUR A T ! UN lNIIICAIOKS 

SltPS FRUM IASI PRINT 

105 

AVERAGE STEP S12E 

0 . 181A1L 

ME 1 HO 0 ORDER 

5 

IOTAL IIUMbL K UF STEPS 

1 35 

F UNCI' EVA 1 UA 1 1 (JUS 

1 53 

JACOBIAN EVALUATIONS 

1 5 


CHEMICAL PROPERTIES 


SPECIES 

SPECA 

SPECB 

CONCENI RAT ION 
( MUL CSx CM* •> 3 ) 
A . 05822L 08 
A.Q5821E-Q5 

MOLE FRACTION 

9 99UUAL- OA 
9 . 99O0LE 01 

NET SPECIES PRODUCT TUN 
RAIE (MOl E/CM<*3XStC ) 
- ) . 0AO65E- 10 
1 .0A065E-IQ 

REACTION HI I E CONST 

NUMBER CIS UN IIS 

\ 000 II ( i U i 

2 . 0 0 0 U E i U 0 

m 1 REACT 11)11 COtIV 
(MOLL CM* * 5 ' li * * 2X : 
2 . A 6 A l 31 « 1 U 
2 . A 6 A 1 A E ■ UJ 

DLR1VAT) 

IVES (CGS UNITS). 

T 

0 QOOUGE * DO RHO 

0 . OU 0 OOE * Ot 


MIXIURE 

MOLECULAR HEIGHT 

0 . 001 00 

TOTAL ENERGY EXCHANGE RATE O.UUi UOEiOO 

(CAICM** J/G**2/SEC) 

MASS 1 K AC I 1 ON S' 


NET RA I EXPOS I 
T IVt 01 R RAIL 
I . UUUUU 

l . 00000 


1 . OUUUOOOO 


COMPUTER TIME (CPU) REQUIRED* 


FOR THIS SIEP 


2.0Q00Q0E-Q1 S 


UP 10 THIS TIME 


2.599999E 01 S 
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TABLE E.2. — Continued, 
(a) Concluded. 


« H MM* SENSITIVITY CALCULATIONS ***** 

TIME = 2.00000D-Q2 

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


**** SENSITIVITY TO INITIAL CONDITIONS **** 


DZ( I )/DYZERO( J)*K( J)/Z( I ) , 


WHERE ZU> = 
F ( J ) = 


O-ORDER TIME DERI V . OF Y(I). I=COLUMN, J = ROH 
YZERO(J) FOR YZERO(J) NOT EQUAL TO 0 
1 , 0E-A/( INITIAL MWT ) FOR YZERO(J) = 0 


PARAIlt T EK 

SPECA 

SPECB 


SPECA 

9 . 9900-01 
9 . 990D-04 


SPECB 

9 .9900-01 
9 . 990D-04 


**** NORMALIZED SENSITIVITY COEFFICIENTS H.R.I THE PKEEXI’ONENT IAL CONSTANT S **** 

DZf I )/DA(J )*A(J >/Z(l > WHERE Z(I) = O-ORDER TIME DERI V OF Y<I), I=COlUMN, J = ROW 

**** NOTE- FOR CONSTANT TEMPERATURE PROBi EMS NORMALIZED SENSITIVITY COEFFICIENTS H.R.I. N(J) AND E(J> ARE 
1 ME SAME AS THE NORMALIZED COEFFICIENTS H.R.T. AC J J **** 


REAC NUM 

SPECA 

SPECB 

1 

2 

-9 .99 011-01 
9 . 990D-01 

9.990D 
-9 . 990D 


***** SENSITIVITY CAL CUt ATI QMS ***** 

TIME = 2 . 00000D-D2 

SENSITIVITY COEFFICIENTS OF 1-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


**** SENSITIVITY TO INITIAL CONDITIONS **** 


DZC 1 )/DYZERO( J)*K J)/Z(I >, HHERE Z(I)= 

Ft J ) = 


1-ORDER TIME DERIV. OF Y( I ) , I=COLUMN, J-ROW 
YZEROtJ) FOR YZERO(J) NOT EQUAL TO 0 
1 . OE-4/1 INITIAL Mtin FOR YZEROt J > = 0 


PARAMETER SPECA SI'ECB 

SPECA 9.972D-0I 9.972D-01 

SPECB -9.972D-07 -9.972D-07 

**** NORMALIZED 5ENSITIVIIY COEFFICIENTS H.R.I THE PNEEXPONEN U AL CONSTANTS **** 

DZ( I)/DA(J)*A(J)/Z<1) WHERE ZU)= 1-ORDER TIME DERIV. OF Y(I), I'-COLUMN. J = ROM 

**** NOTE - FOR CONSTANT TEMPERATURE PROBLEMS NORMAL I ZED SENSITIVITY COEFFICIENTS H.R.T. N(J> AND ECJ> ARE 
THE SAME AS THE NORMALIZED COEFFICIENTS H.R.T. A(J) **** 

REAC NUM SPECA SPECB 

1 -1 . 5 D8 D ♦ 0 1 -1 .808D»0l 

2 - ' .908D-02 -1 . 908D-02 


(LSENS) END OF THIS CASE 


SUMMARY OF CUMPUT AT IONAL WORK REQUIRED FOR PROBLEM. 


TOTAL NO. 

I 01 AL NO. 
10TAL NO. 
TOTAL CPU 


OF DERIVATIVE EVALUATIONS - 153 
OF JACOBIAN EVALUATIONS - 15 
TIME - 0.260000 


s 


WORK REQUIRED BY SENSITIVITY ROUTINE. 


tIO. STEPS = 

NO. FUNC. EVAL . = 

NO. JAC. EVAL. s 

TOTAL REAL SPACE USED 

TOTAL INTEGER SPACE USED 


1 35 
135 
135 


100 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED 


0.92000. S 


(LSENS) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(b) Case 2 


LENIS SENSITIVITY AND GENERAL KINETICS EROGRAM NASA LEHIS RESEARCH CENTER 

SIMPLE TEST CASE A=B=C. HUANG ET AL , J. CHEM PHYS, V69, PM80. 1V7B. CASE 2 


REACTION 

NUMBER 

1 

2 

i 

A 


REACTION R A 1 t VAK I ABl E3 

A N 

1 . 0000 OE * 00 0 0000 

1 . OOOOOE * 0? 0 ouoo 

1 . OOOOOE ♦ 02 O OOOO 

1 . 0000UE* 00 0 0000 


ACTIVATION 

energy 
0 . 00 
0 . 00 
0 . 00 
0 . 00 



CPU TIME KQK INI l I Al IZA T ION OF ISEIIS = O.iAUOOD S 


112 



TABLE E.2. — Continued, 
(b) Continued. 


TIME 2.50U0QE*00 SEC ARtA 0.00000E»00 SQ CM AXIAl POSITION O.QOQOUE‘QQ CM 

INTEGRATION INUICA10R5 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 

1 01 At NUMBER OF STEPS 120 

FUMCT EVAIUA1 IONS ISO 

JACOBIAN EVALUATIONS 19 

GAMMA 1 6 596 

ENTHALPY 1.50000£i05 

(CAL/G) 

SP. Ml A T (CP> 5 00000t»00 

(CAL/G/ULG K) 


FLOH PROPERTIES 

PRESSURE l. 00000 

(ATM) 

VELOCITY 0.00 

(CIV SEC) 

DENSITY a 0622/e-OS 

(G/crumsi 

TEMPERATURE 300.00 

(DEG K) 

MASS H Oil RATE 0. QOOOOt^OO 

( G/SEC) 

ENTROPY 29.9450 

(CAL/G/DEG K) 

MACH NUMBER U . 0000 


SO 

0 . 486S1E-01 
A 


CHEMICAL PROPERTIES 


SPECIES 

DUMA 

DUMB 

DUMC 


CONCEN1 RAT ION MOLE FRACTION 
C MOL ES/CM# * 3 ) 

2.18775E05 5.38555E-01 
2.021 Q3E-07 4.97512E-03 
1 . 85A30E- 05 A . 5647 DE-0 1 


NET SPECIES PRODUCTION REACTION 
RATE (MOL E/CMKK3/SEC) HUMBER 
-1.66726E-06 1 

-A . 30623E-1 3 2 

1 . 66 726 E- 06 3 

A 


RATE CONST NET REACTION CONV RATE 

CGS UNITS (MQLE-CM**3/G**2/SEC) 

1 . 000UE * OU 1 . 3257 5E * 04 

1 . QQ00E + 02 1 . 22A7 2E • 0 A 

1 0000Et02 1 ■ 22472C« 04 

I . OOOOE I 00 1 . 1 2 366 E < OA 


NET RATE/POSI- 
TlVt DIR RATE 
1 00000 
1 . OOOOO 
1 . OOOOO 
1 . 00000 


DERIVATIVES (CGS UNITSli T Q.OOOOOE*OQ RHO O.ODOOOE+OO 

MIXTURE MOLECULAR HEIGHT 1.00000 TOTAL ENERGY EXCHANGE RATE Q.Q0000E<OO 

(CAL -CM**3/G**2/SEC) 


MASS FRACTION SUM L.U00000UU 


LOMPUIER TIME (CPU) REQUIRED' FUR THIS STEP - 1 . 300GG0E-01 S UP 1U THIS TIME - 3.099999L 01 S 


mum SENSITIVITY CALCULATIONS MKMim 
TIME * 2 . 500000*00 

SENSITIVITY COEFFICIENTS OF Q-OROER TIME DERIVATIVE OF DEPENDENT VARIABLES 

MM NORMALIZED SENSITIVITY COEFFICIENTS W.R.T THE PREEXPQNEHMAL CONSTANTS **** 

DZ(I)/DACJ)*A(J)/ZCI) HHERE Zd) = O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J*ROH 

kkm NOTE. FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS W.R.T. N(J> AND ECJ) ARE 
THE SAME AS THE NORMALIZED COEFFICIENTS W.R.T. A(J) *»*» 

REAC HUM DUMA DUMB DUMC 

1 -5.217D-01 5.388D-01 6.097D-01 

2 4.261D 01 -4.97 5D- 01 -4.973D-01 

3 -4.2I5D-01 -4 . 9 7 5D- 0 1 5.027D-01 

4 3.266D-01 4. 563D-01 -3.903D-01 
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TABLE E.2. — Continued, 
(b) Concluded. 


TIME 9.500Q0E*QQ SEC 

FLOW PROPERTIES 

PRESSURE 

(ATM) 

VEi OCITY 
(CM/SEC) 

DENSITY 
<G/CM*» J) 
TEMPERATURE 
(DEG K) 

MASS F L OH RATE 
(G/SEC) 

ENTROPY 
(CAL/Q/DEG K> 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/G) 

SP. HEAT (CP) 
(CAL/G/DEG K ) 


0 . 000001*00 5Q CM 


AXIAL POSITION 0 OOOOOttUO CM 


1 . 00000 

0 . 00 

4 . 06227E-05 
300.00 
0 . OOOOQE+OO 
29 . 9516 
0 . 0000 

1 .6596 
1 . 50Q00E*Q3 
5. OOOOOE* 00 


INI EGR AT I UN INDICATORS 
STEPS FROM l AST PRINT 
AVERAGE STEP 5IZE 
METHOD ORDER 

TOTAL NUMBER UK STEPS 
FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


19 

. 1961/E*QQ 
5 

13'* 

166 

20 


CHEMICAL PROPERTIES 


DUMA 

DUMB 

DUMC 


CONCENTRATION 
( MOLES/CM** 3 ) 
2 . 09359E05 
2 . 02103E-07 
1 . 99896E-05 


MOLE FRACTION 

5. 03Q67E-01 
A . 97512E-03 
9.91958E-Q1 


DERIVATIVES (COS UNITS). T 
MIXTURE MOLECULAR WEIGHT 


NET SPECIES PRODUCTION 
RATE (MOLE/CMXX3/SEC ) 
-2.2565JE-07 
-1 .0218SE-12 
2 . 256 59E-07 


0 . OOOOQE+OO 


REACTION 

NUMBER 

1 

2 

3 

9 


RAIE CONST 
CG5 UNITS 
1 OOOUE < 00 
l . 0000 E * 0 ? 
1 0000E 102 
1 . 000 OE i 00 


0 . OOOOOE* 00 


TOTAL ENERGY EXCHANGE RATE 
(CAL-CMX*J/G**2/SEC) 


0 . OOOOOE* 00 


NET REACTION CONV RAIE 
(MOL E-CI1* * 5/G*J»2/SLC ) 

] .2 38 391 i 09 
1 . 22972 E *09 
1 22972EI 09 
1 . 2WQ9E1 09 


TRACT ION SUM 


NET RAIE/POSI- 
TIVE DIR KATE 

1 . 00000 

1 . 00000 
1 . ooooo 
1 . ooooo 


I OOUOGUOU 


COMPUIEK 1 1 ME (CPU) REQUIRED. FOR THIS STEP - 3.999996E-02 S 


UP TO THIS TIME - 3.999999L 01 S 


***** SENSITIVITY CALCULATIONS «»«»* 

TIME = 9 50000 * 00 

SENSITIVITY COEFFICIENTS OF Q-ORUER TIME DERIVATIVE UK DtPENUEN! VARIABLES 


Mm NORMALIZED SENSITIVITY COEFFICIENTS W.R.T THE PREEXPUNEN1 I AL CONSTANTS *#** 

DZ( I >/ DA( J )*A( J )/Z( I ) WHERE Z(l) s O-ORDER TIME DERIV. OF Y([), I-COLUMN, J-KOW 

**** NOTE. FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIEN1S W.R.T. N(J) AND E(J> ARE 
THE SAME AS THE NORMALIZED COEFFICIENTS W.R.T. AIJ) **** 


REAC NUM DUMA 


DUMB DUMC 


1 

2 

3 

9 


-5 . 1630-0 L 
9 .9190-01 
-9 .8650- 01 
9,6170-01 


5. 051D-01 
-9. 975 D- 01 
-9 . 975D-01 
9 919D01 


5 .2290-01 
-9 . 97 5D-01 
5. 025D-O1 
-9 . 771 D-01 


( LStNS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FDR PROBLEM. 


TOTAL NO. OF STEPS - 

10!AL NO OF DERIVATIVE EVALUATIONS - 
T 0 r At NO. OF JACOBIAN EVALUATIONS - 
TOTAL CPU TIME - 0 


139 

166 

20 

350000 S 


WORK REQUIRED BY SENSITIVITY ROUTINE. 


NO. STEPS = 139 

NO. FUNC. EVAL . * 139 

NO . JAC . EVAL . = 139 

TOTAL REAL SPACE USED = 

TOTAL INTEGER SPACE USED = 


1 99 
96 


TOTAL CPU 


TIME (INCLUDING I/O) REQUIRED 


0.S90000 S 


( L SENS ) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(c) Case 3 


LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM 


NASA LEWIS KLSCAKCH CLNIER 


REACT I UN 
NUMBER 

1 

2 
3 
A 
5 


ETHANE PYROLYSIS. 

KRAMER ET AL, APPL MATH 

MODELLING, 

V5, 

P432, 1 98 I . CASE 3 




REACTION 



REACTION RATE VARIABLES 





A 

N 

ACTIVAT 1011 







ENERGY 

UC2H6 

> 2*CH3 



I .20000tM2 

0 . 0000 

59218 .00 

1 *C2H6 * 1*CH3 

> 1 *C2H5 *• 

I *CH4 


s.oioooEioa 

0.0000 

11943.00 

1*C2H5 

> 1*C2H4 * 

1 *H 


3. OOOOOE* 1 1 

0 . 0000 

34974.00 

1 *H *■ 1 *C2H6 

> 1*C2H5 ♦ 

UH2 


I . 30000E* 1 1 

0.0000 

8982 . 00 

2*H 

> 1*H2 



6 . 99000E * 1 3 

0 . 0000 

0 . 00 


** INITIAL 

CONDITIONS 

KM 




TIME O.OOOOOE+OQ SEC 

AREA 0 . OOOOOE *00 SQ 

CM 

AXIAL POSITION 

0. OOOOOEtOO CM 

FLOW PROPERTIES 




INTEGRATION INDICATORS 



PRESSURE 

0 .45070 



STEPS FROM LAST PRINT 


0 

(ATM) 







VELOCITY 

0 .00 



AVERAGE STEP SIZE 

0 . 

OOOOOEtOO 

(CM/SEC) 







DENSITY 

1 . 78937E-04 



METHOD ORDER 


0 

(U/CH**3) 







TEMPERATURE 

923 .00 






(DEG K) 







MASS FLOW RATE 

0 000QQE+ 00 



TOTAL NUMBER OF STEPS 


0 


(G/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 

ENTHAt PY 
(CAL/G) 

SP. HEAT (CP) 

C CAi /G/DEG K) 


2.6117 
0 . 0000 
1 . 0762 
-2.27762E*02 
9 . 35015E-Q1 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


CHEMICAL PROPERTIES 


SPECIES 

CQIICENI RATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

HIT REACTION CONV RAFF 

NET RAFE/POSl- 


<HDLES/CH**3) 


RATE (H0LE/CM**3/SEC> 

NUMBER 

CGS UNITS 

(M0LECM**3/G*K2/SEC) 

TIVE DIR RATE 

C2H6 

5 . 9 508 0E- 06 

1 . OOOODEtOO 

* 6 79204E-08 

1 

1 . 1414E-02 

2. 12129E*00 

1 . 00000 

CH3 

0 . OOOOOEtOO 

0. OOOOOElOO 

1 35841E-07 

2 

1 . 1905E* 06 

0 . OOOOOEtOO 

0 . 00000 

C2H5 

0 . OOOOOE t 00 

0 . OOOOOEtOO 

0 OOOOOEtOO 

3 

1 . 5700E»0J 

0 . OOOOOEtOO 

0 .00000 

CH4 

0 . OOOOOE >00 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

4 

9. 7 088 Et 08 

0 . OOOOOEtOO 

0 . 00000 

C2H4 

0 . OOOOOE tOO 

0. OOOOOEtOO 

0 . OOOOOEtOO 

5 

6 .9900EH3 

0 . OOOOOEtOO 

0.00000 

H 

0 . OOOOOE tOO 

0 . OOOOOE too 

0 . OOOOOEtOO 





H2 

0 . OOOOOE tOO 

0. OOOOOEtOO 

0 . OOOOOEtOO 





DERIVATIVES (CGS UNITS). 

T 

0. OOOOOEtOO RHO 

0. OOOOOEtOO 



MIXTURE 

MOLECULAR HEIGHT 

30 . 06940 

TOTAL ENERGY EXCHANGE 

RATE 1 

90244EtQ5 

MASS FRACTION SUM ] 

L . 00000000 


(CAL CM** 3/ G** 2/ SEC) 


CPU TIME FOR INITIALIZATION OF L SENS = 0.730000 S 


2 . OOOOOE* 01 SEC 

AREA 

0 . OOOOOEtOO SQ CM AXIAL POSITION 

0. OOOOOEtOO CM 

L OH PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

0.69709 

STEPS FROM LAST PRINT 

31 

( ATM ) 
VELOCITY 

0.00 

AVERAGE STEP SIZE 

0 .62654E+00 

(CM/SEC) 




DENSITY 

1 78937E-04 

METHOD ORDER 

5 

< G/CM* * 3 ) 




TEMPERATURE 

925.00 



(DEG K) 




MASS FLOW RATE 

0 OOOOOEtOO 

TOTAL NUMBER OF STEPS 

93 

(G/SEC ) 
ENTROPY 

3. 3191 

FUNCT EVALUATIONS 

134 

(CAL/G/DEG K) 




MACH NUMBER 

0 . 0000 

JACOBIAN EVALUATIONS 

20 

GAMMA 

1 .1225 



ENTHALPY 

3 . 1871 1E+02 



(CAL/G) 




SP. HEAT (CP) 

9. 36808E-01 



(CAL/G/DEG K) 





CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE NET RATE/POSI- 


< MO l E 5/CM* * 3 ) 


RATE <M0LE/CM**3/SEC) 

NUMBER 

CGS UNITS 

CMOLE-CM**3/G**2/SEC) TIVE DIR 

RATE 

C2H6 

1 .91006E-06 

2 . 07 526E-01 

-9.81539E-08 

1 

1 . 1414E-02 

6.80881E-01 1 

00000 

CH3 

1 . 91739E-Q8 

2 08 322E-03 

-1 . 46091E-1 5 

2 

1 . 1 905E+06 

1.361766*00 1 

00000 

C2H5 

4 .86333E-11 

5.28396E-06 

-2.53404E-12 

3 

I . 5700E + Q3 

2 . 38474E* 00 I 

00000 

CH4 

I . 5751 7E-06 

1 .71141E01 

4 . 36 01 SE~ 08 

4 

9 . 7 088E * 08 

1 . 02290Et 00 1 

00000 

C2H4 

3. 24J52E-06 

3 . 52406 E- 0 1 

7 . 6 3556E- 08 

5 

6 .99006* 13 

6.80945E01 1 

ooooo 

H 

L .7661 IE-11 

1 91886E06 

-1 57847E-12 





H2 

2.45595E-06 

2.66537E-01 

5.45544E-08 





DERIVATIVES (CGS UNITS). 

T 

0. OOOOOEtOO RHO 

0 . OOOOOEtOO 



MIXTURE 

MOLECULAR WEIGHT 

19.44135 

TOTAL ENERGY EXCHANGE 

RATE 6 

68 7 1 3Et 04 

MASS FRACTION SUM 0.99999982 



(CAL-CM**5/G**2/SEC> 
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COMPUTER TIME (CPU) REQUIRED. FDR THIS STEP 


1.599998E-0L S 


UP TO THIS TIME 


5 . 1 OOOOOE -01 S 



TABLE E.2. — Continued, 
(c) Concluded. 


SENSITIVITY CAl CUt A1 I ONS ***** 

TIME = 2.000000*01 

sensitivity COEFFICIENT qf o-okdek time derivative OF ULPENUEN1 VARIABLES 


***** SENSITIVITY TO INITIAL CONDITIONS **** 



DZ ( 1 )/DYZERO( J)*F(J)/Z(I) 

, WHERE Z(I>= O-ORDER 1 

I I Ml DERIV 

. OF Y(I ), 1 = CGL UMN, 




F < J > = YZEROCJ) 

FOP YZ£RQ(J> 

NOT EQUAL TO 0 




= 1 .0E-9/C INIIAL MWT ) 

FOR YZEROCJ) = 0 

PARAMETER 

C2H6 

CH3 

C2H5 CH9 

C2H9 

H 

H2 

C2H6 

7 .919D-DI 

-5.9900-08 

9.617D-01 9 . 1 09D-0) 

t . U7DMJ0 

3 . 

959D-D1 1.2230*00 

TEMP 

-2.&99D*01 

2 . 57 7 D * 0 1 - 

2.620D+01 1 .9870*01 ] 

L . 1£7D*0L 

1 . 

9 0 0 D* 00 9.3110*00 


***** NORMALIZED SLNSIIIVnY COEFFICIENTS W.R.T THE PKEEXPONENT I At CONST ANT S mm 

DZ(I)/DA(J)*ACJ)/Z<I) WHERE Z(I>= O-ORDER TIME DERIV. OF Y I), l=COLUMN, J-ROH 

***** NOTE. FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS W.R.1. N(J) AND E(J) ARE 
THE SAME AS THE NORMALIZED COEFFICIENTS H.R.T. A(J) **** 


REAC HUM 

C2M6 

CM3 

C2H5 

CH9 

C2H9 

H 

M2 

1 

2 

-8 196D-01 
A . 7 1 8 D - 0 3 

1.0000*00 
-1 . U00D*00 

-2. 0990-01 
- 5 . 7 29 D 03 

6 A35D-01 
6 . B88D-03 

3 .235D- 01 
9,0610-03 

t . 020D02 
- . 3590 03 

2 . 21 OD-O l 
3 1 55D 03 


( l SENS J END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM* 


TOTAL 

NO . 

OF 5TEPS - 

93 

TOTAL 

NO . 

OF DERIVATIVE EVALUATIONS - 

I 39 

TOTAL 

NO. 

OF JACOBIAN EVALUATIONS - 

20 

TOTAL 

CPU 

TIME - 0. 

. 5 i 0000 S 


WORK REQUIRED BY SENSITIVITY ROUTINE t 


NO. STEPS = 


93 

NO. FUIIC. EVAL 

, S 

93 

HO. JAC. EVAL. 

= 

93 

TOTAL REAL 

SPACE 

USED = 

TOTAL INTEGER 

SPACE 

USED = 


TOTAL CPU TIME ( INCLUDING I/O) REQUIRED = 1.9Q00GG S 


( L SENS ) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(d) Case 4 






LEWIS 

SENSITIVITY 

AND 

GENERAL KINETICS PROGRAM NASA LEWIS 

RESEARCH 

CENTER 



CM9-D2- 

AR SHOCK 

IGNITION 

. BONI 8 PENNER, 

COMB SCI 8 

TECH, VI 5, P99 , 1977. CASE 9 



HI: AC 7 I UN 




REACTION 



REACTION RA1E 

VAR] ABL ES 


NUMBER 








A 

14 

ACTIVATION 











ENERGY 

1 

M 

1 

1 *CH9 

> 

1 *CH 3 

4- 

1*H 

9 . 5 5 7 0 IJ E 4 0 7 

0 . 0000 

0 00 

2 

1*N 

4- 

1 *CH 3 

> 

1 *CH9 

f 

M 

1 . 1060DEH 7 

0.0000 

0 00 

3 

1 *0H 

4- 

1 *CH9 

> 

1 *CH3 

4- 

1 * H 2 0 

2. 59000E4 I 3 

0 . 0000 

0 . 00 

9 

1KCM3 

4- 

1 *H20 

> 

1 * OH 

¥ 

1 *CH9 

1 . 09B00E4 1 1 

0 0000 

0 .00 

5 

1 *H 

¥ 

1 *CH9 

> 

1 *CH5 

¥ 

1 *H2 

1 98800E+13 

0 . 0000 

0 . 00 

6 

1 *CM3 

¥ 

1 *H2 

> 

1 *H 

¥ 

1MCH9 

8 . 07 1 00EI 1 1 

0 0000 

0 00 

7 

1 *0 

¥ 

1 *CM9 

> 

1 *CH3 

¥ 

1*0H 

2 . 1 68 D U b i 1 2 

0 0000 

0 00 

a 

I *CH 3 

¥ 

l *OH 

> 

1*0 

¥ 

1 *CH9 

6 . 62 5 OOE 4 ) 0 

0 0000 

0 00 

9 

1 *CH 3 

¥ 

1*0 

> 

1 *CH20 

¥ 

1*H 

1 . QOOOOE419 

0 . 0000 

0 . 00 

10 

1 *0120 

¥ 

1*H 

> 

1 *CH3 

¥ 

1 *0 

5.30000E407 

0 . 0000 

0 . 00 

1 1 

1 *CH 3 

¥ 

1*02 

> 

1 *CH20 

¥ 

1 *0H 

2 . OOQOOE4 10 

0 . 0000 

0 00 

12 

1 *CII2U 

¥ 

1 *OH 

> 

1 *CH3 

¥ 

1*02 

9 . 337 OOE 4 09 

0 0000 

0 00 

13 

1 *CH20 

¥ 

1*0 

> 

1 *HCO 

¥ 

I *0H 

1 . 58900E41 3 

0 . 0000 

0 . 00 

19 

1 *HCO 

¥ 

l * OH 

> 

1 *CH20 

¥ 

1*0 

9.03500E409 

0 . 0000 

0 . 00 

15 

i*cii 20 

* 

1 *0H 

> 

1 *HCO 

¥ 

1 *H20 

I . 1 08 OOE 4 1 9 

0 . 0000 

0 . 00 

1 6 

lNMCO 

+ 

1 * H 2 0 

> 

1 *CH20 

¥ 

1 * OH 

8.55300E409 

0 . 0000 

0 .00 

1 7 

l*Cli2U 

¥ 

1 *H 

> 

1 *HCO 

¥ 

1 *H2 

5 . 29000E 4 1 2 

0 . 0000 

0 . 00 

18 

1 *HCO 

+ 

1*H2 

> 

1 *CH20 

¥ 

1 *H 

9 . 21600E4 09 

0 . 0000 

0 00 

19 

M 

+ 

1 *CH20 

> 

1 *HCO 

¥ 

1 * H 

3 . 89 300E > 08 

0.0000 

0 . 00 

20 

1 *MC0 

+ 

1 *H 

> 

1 * CH20 

¥ 

M 

1 . 95900E * 1 6 

0.0000 

0 . 00 

21 

1 * MCO 

4- 

1*0 

> 

1*C0 

¥ 

1 "OH 

1 . OOOOOE 4 1 9 

0.0000 

0 . 00 

22 

1*C0 

+ 

1 *UH 

> 

1 * HCO 

¥ 

1*0 

1 . 19900EI05 

0 . 0000 

0.00 

23 

1 *HCO 

+ 

1 *0H 

> 

1*C0 

¥ 

1 *H20 

1 . OOOOOE 4 l 9 

0 . 0000 

0 00 

29 

l*co 

+ 

1*H20 

> 

1 *HC0 

¥ 

1 *I)H 

1 . 26 50 OE 4 09 

0 . 0000 

0 00 

25 

1 *HCU 

♦ 

1*11 

> 

1*C0 

¥ 

1 *H2 

2 .OOOOOE 4 19 

0 . 0000 

0 .00 

26 

l*CO 

+ 

1 *H2 

> 

1 *HCO 

¥ 

1 *H 

2. 77100E405 

0 . 0000 

0 00 

27 

H 

¥ 

1 *HCO 

> 

1 *H 

¥ 

1*CU 

9. 2 1 6 0 0 E 4 1 0 

0 . 0000 

0 . 00 

28 

1 *H 

+ 

1*CU 

> 

1 *HCO 

¥ 

M 

3.62800EI 12 

0 . 0000 

0 LlO 

29 

1*C0 

+ 

1 MOH 

> 

1 *C02 

¥ 

1*11 

5 . 36000E4 1 1 

0 . oouo 

0 .00 

30 

1 *C02 

1 

1 *H 

> 

1*C0 

¥ 

1 *0H 

2 . 28900E > 1 l 

0 . 0000 

0.00 

31 

1 *H2 

¥ 

1 *UH 

> 

l * H 2 0 

¥ 

1 *H 

1 80700E413 

0 . 0000 

0 . 00 

32 

1 *M20 

¥ 

1 *H 

> 

1 *H2 

¥ 

I * OH 

1 8 0/00012 

0 . 0000 

0 . 00 

33 

I *U 

♦ 

1 *H2 

> 

l *0H 

4 

1 *H 

7 . 228 0 OC 4 1 2 

0.0000 

0 . 00 

39 

1M1M 

¥ 

1*H 

> 

1*0 

4- 

1 *H2 

6 62500E412 

0.0000 

0.00 

35 

1 *N 

¥ 

1*02 

> 

1 *0H 

4- 

1*0 

3 . 21600E 4 ] 2 

0 onoo 

0 . 00 

36 

1 *(IH 

¥ 

1*0 

> 

1 *H 

4 

1 *02 

1 . 385L)nr.f 1 3 

0 . 0 IJ 0 0 

O DD 

3/ 

1*11 

4 

1 *0H 

> 

1 *1120 

4 

M 

2.109001(15 

0 oouu 

0.00 

38 

II 

4 

1 *H20 

> 

1 *H 

¥ 

1 *UH 

3.096000 03 

0.00 00 

0 . oo 

39 

1 *M 

4 

1 *h02 

> 

2 *0H 



1 . 5 59 0 0 E 4 1 9 

0 . 0000 

0 00 

9 0 



2* OH 

> 

1 *H 

¥ 

1HH02 

6 . 02 3 0 0 E ( 08 

0 . 0000 

0.00 

9 1 

1 *H 

♦ 

1*02 

> 

1 *HU2 

¥ 

M 

1 . 9 3 0 D OE 4 1 5 

0 0000 

0 . 00 

9 2 

H 

+ 

1 *H02 

> 

1 *H 

¥ 

1*02 

2 . 16BOOE410 

0 0000 

0 00 

93 



2* OH 

> 

1*0 

¥ 

1 *H20 

9.95600C412 

0.0000 

0 00 

99 

1*0 

♦ 

l*H2U 

> 

2*0H 



1 .205U0E412 

0 . 0000 

0 . 00 




AIL THIRD 

BODY RATIOS 

ARE 

l .0 EXCEPT 

THE FULL OWING 




M( H20 , 37) = 16.70000 MCH20 , 3a ) = 16.70000 
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TABLE E.2. — Continued, 
(d) Continued 


** INITIAL CONDITIONS UU 


TIME 0 . 0 0 0 0 OE + OD SEC 


AREA 0 .00000E+00 SQ CM 


AXIAL POSITION 0. OOOOOE+OO CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 
< ATM) 

6 .72900 

VELOCITY 
(CM/ SEC) 

0 . 00 

DENSITY 

(G/CM**3) 

1 . 46826E-03 

TEMPERATURE 
(DEO K) 

2000.00 

MASS FLOW RATE 
(G/SEC) 

0 .OOOOOE+OO 

ENTROPY 
(CAL/O/DEO K ) 

1.3750 

MACH NUMBER 

0 . 0000 

OAMMA 

1 . 3655 

ENTHALPY 

(CAL/Q) 

2.71 1 87E+02 

SP. HEAT (CP) 

2.Q4545E-01 


(CAL/O/DEG K) 


STEPS FROM LAST PRINT 0 

AVERAGE STEP SIZE O.QOOOOE+OQ 

METHOD ORDER 0 

TOTAL NUMBER OF STEPS 0 

FUNCT EVALUATIONS 0 

JACOBIAN EVALUATIONS 0 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


(MOLES/ CM**3> 


RATE ( MOL £/CM*# J/SEC ) 

NUMBER 

COS UNITS 

(MOLE-CM«*3/G**2/5EC) 

TIVE DIR RATE 

CH4 

5 . 76075E-06 

9 . 17200E-02 

-6 . 6876 5E-03 

1 

4 . 3370E+07 

3.Q1931E+03 

1 . 00000 

CH3 

0 . OOOOOE+OO 

0. OOOOOE+OO 

6 .68765E-03 

2 

1 . 1060E+17 

0 . OOOOOE + OO 

0 .00000 

H 

0. OOOOOE+OO 

0. OOOOOE+OO 

6 .6B765E-03 

3 

2 . 5900E+ 1 3 

0 . OOOOOE + OO 

0 . 00000 

OH 

0. OOOOOE+OO 

0. 00000E+00 

0. OOOOOE+OO 

4 

1 . 0480E + 1 1 

0. OOOOOE+OO 

0 . 00000 

H20 

0 . OOOOOE+OO 

0 OOOOOE+OO 

0 .OOOOOE+OO 

5 

1 .9850E+13 

0 . OOOOOE + OO 

0 00000 

H2 

1 .66035E-24 

4.04940E-20 

0 . OOOOOE+OO 

6 

8 . 0710E+11 

0 . OOOOOE+OO 

0 00000 

0 

0 . 00000E+00 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

7 

2. 1680E+1Z 

0 . OOOOOE+OO 

0 . 00000 

CH20 

0. OOOOOE + OO 

0. OOOOOE + OO 

0 . OOOOOE + OO 

& 

6 . 6250E+ 1 0 

0 . OOOOOE+OO 

0 . 00000 

02 

7 .52150E-06 

1 . 83440E-01 

0. OOOOOE+OO 

9 

1 . 0000E+14 

0 .OOOOOE+OO 

0 . 00000 

KCO 

0 . 00000E + DO 

0 . OOOOOE + OO 

0. OOOOOE+OO 

10 

5. 3000 E+ 07 

0 . OOOOOE+OO 

0 . 00000 

CO 

0 . OOOOOE+OO 

0 . OOOOOE + OO 

0 . OOOOOE+OO 

n 

2. OOOOE+ID 

0 . OOOOOE+OO 

0 . 00000 

C02 

1 .66035E-24 

4 .04940E 2Q 

0. OOOOOE+OO 

12 

4 . 3370E + 04 

0 . OOOOOE+OO 

0 00000 

H02 

0 . OOOOOE + OO 

0 . OOOOOE + OO 

0 .OOOOOE+OO 

13 

l .5840E+13 

0 OOOOOE+OO 

0 . 00000 

AR 

2. 97202E-05 

7 . 24B40E-01 

0 . OOOOOE+ 00 

14 

9 . 0350E + 09 

0 . OOOOOE+OO 

0 00000 





15 

l . 1080E + 14 

0 . OOOOOE+OO 

0 . 00000 





16 

8 . 5530E+09 

0 . OOOOOE+OO 

0 .00000 





17 

5 2400E+12 

0 . OOOOOE+OO 

0 . 00000 





IS 

4 2160E+09 

0 . OOOOOE+OO 

0 00000 





19 

3 . 84 30E + 08 

0 . OOOOOE+OO 

0 ooooo 





20 

1 . 9 590E+ 1 6 

0 . OOOOOE+OO 

0 . ooooo 





21 

1 . QOOOE+14 

0 . OOOOOE+OO 

0 ooooo 





22 

1 . 1440E+05 

0 . OOOOOE+OO 

0 ooooo 





23 

1 . OOOOE+14 

0 . OOOOOE+ 00 

0 . ooooo 





24 

1 .2650E + 04 

0 .OOOOOE+OO 

0 . ooooo 





25 

2 OOOOE+14 

0 .OOOOOE + OO 

0 ooooo 





26 

2. 7710E + 05 

0 . OOOOOE+OO 

0 . ooooo 





27 

4.2160E+10 

0 . OOOOOE+OO 

0 ooooo 





26 

3.62B0E+12 

0 , OOOOOF+QO 

0 . ooooo 





29 

5 , 3600E + 11 

0 OOOOOE+OO 

0 . ooooo 





30 

2 2890E+ 1 1 

0 . OOOOOE+OO 

0 ooooo 





31 

1 .80706+13 

0 OOOOOE+OO 

0 . ooooo 





32 

1 8070E+12 

0 OOOOOE+OO 

0 , ooooo 





33 

7 2280E+ 1 ? 

0 OOOOOE+OO 

0 . ooooo 





34 

6 6250E+12 

0 OOOOOE+OO 

0 ooooo 





35 

3.21606+12 

0 . OOOOOE+OO 

0 ooooo 





36 

1 . 3850E+1 3 

0 . OOOOOE+OO 

0 ooooo 





37 

2. 1040E+15 

0 OOOOOE+OO 

0 ooooo 





36 

3. 0960E + 03 

0 . OOOOOE+OO 

0 ooooo 





39 

1 . 5540E+ 1 4 

0 OOOOOE+OO 

0 ooooo 





40 

6 . 0230E+0B 

0 . OOOOOE+OO 

0 ooooo 





41 

1 . 9300E+ 1 5 

0 . OOOOOE+OO 

0 . ooooo 





42 

2. 1660EHO 

0 . OOOOOE+OO 

0 . ooooo 





43 

9 . 4560E+12 

0 . OOODOE+OO 

0 ooooo 





44 

1 . 2Q5QE+12 

0 .OOOOOE+OO 

0 .00000 

DER1VA1 

IVES <CGS UNITS) 

i T 

0. OOOOOE + OO RHO 

0 . OOOOOE 

+ 00 




MIXTURE MOLECULAR WEIGHT 36.29719 TOTAL ENERGY EXCHANGE RATE 3.I6468E+D8 MASS FRACTION SUM 1,00000000 

( C At -CM* *3/0+* *2/ SEC) 


CPU TIME FOR INITIALIZATION OF L SENS 


140000 S 
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TABLE E.2. — Continued, 
(d) Continued. 


TIME 2 . 50000E- 05 SEC 

AREA 

0.00000E+00 SQ CM AXIAL POSITION 

0 . OOOOOE + OO 

FLOH PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

6 . 83904 

STEPS FROM LAST PRINT 

92 

(ATM) 

VELOCITY 

0 .00 

AVERAGE STEP SIZE 

0.28285E 

(CM/SEC) 

DENSITY 

1 . 48828E-03 

METHOD ORDER 

3 

(G/CM*K3) 

TEMPERATURE 

2000 . 00 



( DEG K ) 

MASS FLOW RATE 

0 . OOOOOE ♦ 00 

TOTAL NUMBER OF STEPS 

92 

(G/StC) 

ENTROPY 

1 .4038 

FUNCT EVALUATIONS 

123 

(CAL/G/DEG K) 
MACH NUMBER 

0 .0000 

JACOBIAN EVALUATIONS 

21 

GAMMA 

1 .3809 



ENTHALPY 

2.20707E+Q2 



(CAI /G> 

SP. HEAT (CP) 

2 . 01718E-01 



(CAL/G/DEG K ) 





CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

<MDLES/CM**3) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (MOLE/CMUKS/SEC) 

Cl (4 

2 . 33149E-06 

5.59472E-02 

-7 80458E-02 

CM3 

3.51582E-Q7 

8. 43670E-03 

-9 . 6 1 705E-03 

H 

3. 39090E-09 

8 . 13694E-05 

2 . 25868E-04 

OH 

1 75717E-09 

4.21658E-05 

1 03282E-04 

H20 

1 .44637E-06 

3. 47076E-02 

1 . 37114E-01 

H2 

4 . 82428E- 07 

1 . 15765E-02 

3 . 94366E-02 

0 

1 . 24225E-09 

2.98095E-05 

8 . 06246E-05 

CH20 

3.82100E-Q7 

9. 16900E-05 

“6 . 56945E-03 

02 

6 . 2556 5E-06 

1 50115E-01 

-1 . 12830E-01 

HCO 

3.41967E-08 

8 .20597E-04 

7 . 027 50E-04 

CO 

6 . 59063E-07 

1 . 58 L 51E-02 

9 . 29IQ6E-02 

C02 

2. 32046 E - 09 

5 56826E-05 

6 . 18934E-04 

H02 

I , I6503E-09 

2.79566E-05 

3 . 96000E-05 

AR 

2 .97202E-05 

7 . 13178E-0I 

0 . OOOOOE + OO 


REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 

NUMBER 

CGS UNITS 

( MOL E-CM# A 5/ 0**2/ SEC ) 

TIVE DIR RATE 

1 

4. 3370ET07 

1 . 90244 E ♦ 0 3 

1 . 00000 

2 

1 . 1060E + 17 

2.48077E+03 

1 .00000 

3 

2. 5900E+13 

4 .79050E* 04 

1 .00000 

4 

1 . 0480E + 11 

2 .40603E+04 

1 .000 0 0 

5 

1 9880E+15 

7.09575E+04 

1 . 00000 

6 

8 0710E+11 

6 . 18046E+04 

1.00000 

7 

2. 1680E + 12 

2.83488E+03 

1 . 00000 

8 

6 . 6250E+10 

1 . 8478 3 E * 0 1 

1 . 00000 

9 

1 OOOOE+14 

1 . 97183E+04 

1 . 00000 

10 

5 . 3000E+07 

3 . 1 0 028 E- 0 2 

1 . 00000 

1 1 

2.0000EUG 

1 . 98 592 E * 04 

1 . ouooo 

12 

4. 3370E+04 

1 . 31466E-05 

1 . 00000 

1 3 

1 . 5840E+13 

3 . 39449 E i 0 3 

1 . 00000 

14 

9 . 0350E + 09 

2 . 451 1 0E-01 

I . 00000 

15 

1 . 1080E+14 

3. 35865E+04 

1 . 00000 

16 

8 5530E+09 

1 . 90992E+ 02 

1 .00000 

17 

5.2400E+12 

3.06519E+03 

1 .00000 

18 

4 .21606*09 

3.14016E+01 

1 .00000 

19 

3.843OE+08 

2.76271E+03 

1 .00000 

20 

1 9590E+ 16 

4 . 27388E+01 

1.0000 0 

21 

1 . OOOOE+14 

1 .91791E+03 

1 .00000 

22 

1 . 1440E>05 

5.98138E-05 

1 .00000 

23 

1 . OOOOE + 14 

2.71289E(03 

1 . oouuo 

24 

1 . 26 50E * 04 

5.44414E-03 

1 .00000 

25 

2 . OOOOE * 14 

1 . 04704E+ 04 

1 . 00000 

26 

2.7710E+05 

3.97768E-02 

1 .0000 0 

27 

4. 216 OE* 10 

2. 71252E+04 

] .00000 

28 

3 . 6 280E+ 1 2 

1 .52545E-01 

1 .00000 

29 

5. 3600E+11 

2 . 8 0246 E + 02 

1 . 00000 

30 

2 . 2890E+1 1 

8. 13147E-01 

1 . 00000 

31 

1 8070E+13 

6.91575E+03 

1 . 00000 

32 

1 807QE+12 

4. 00116 E+ 03 

1 . 00000 

33 

7 2280E+12 

1 95566E+03 

1 .00000 

34 

6 6250E+12 

1 78217E+01 

1 .00000 

35 

3 . 2160E+ 12 

3.07991E+04 

1 . 00000 

36 

1 . 38 50E+ 1 3 

1 . 36492E+01 

1 . 00000 

37 

2. 1040E+15 

3.64390E-01 

1 00000 

38 

3 . 096 QE+03 

1 . 30 l 58E-01 

1 . 00000 

39 

1 . 5540E + 14 

2.77165E+02 

1 . 00000 

40 

6 . 0230E+ 08 

8 . 39606E-04 

1 . 00000 

41 

1 9300E+ 15 

7 . 7 0253E+02 

1 . 00000 

42 

2 . 1680E+10 

4 . 7521 QE+02 

1 . 00000 

45 

9 .4560E+12 

1 . 31 8 1 7 E • 01 

1 . 00000 

44 

1 2050E+12 

9 . 7 7482E+ 02 

1 . 00000 


DERIVATIVES (CGS UNITS). T 
MIXTURE MOLECULAR HEIGHT 


0 . OOOOOE+OO RHO O.OOOOOE+OO 

35.71319 TOTAL ENERGY EXCHANGE RATE -4.13916E+Q9 

CCAL-CM**3/G**2/SEC) 


MASS FRACTION SUM l.OOOOOOOl 


COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP 


5.1300006+00 S 


UP TO THIS TIME 


5 . 1 30 QOOE + OO S 
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TABLE E.2. — Continued, 
(d) Concluded. 


*«»»» SENSITIVITY CALCULATIONS 
TIME = 2.50QQOD-05 

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE 0 DEPENDENT VARIABLES 


.,«« NORMAL IZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPONENT I AL CONSTANTS .... 

DZLI)/DA<J).A<J)/Y(I» where ill), o-order time deriv. of yiii. I -column. J-«oh 

»«■ ; S HtJ ’ A " U " 


REAC MUM 

1 

2 
3 
A 

5 

6 
7 
ft 
9 

10 
l l 
12 
1 3 
1 A 
1 5 
16 

17 

18 

19 

20 
21 
22 
23 
29 

25 

26 
27 
2ft 

29 

30 

*“ 51 

52 
33 
39 

35 

36 

37 

38 

“ 39 

9 0 
9 l 

92 

93 
99 


CH9 

-J. 3190-01 
3 .728D 02 
-5.708D-02 
2 . 38 1 D 02 
6 . 996 D 02 
-9 . 008D-02 
-2 .6850 02 
1 . 0630*09 
3. 510D-02 
-3 . 299 D - 08 
-2 . 627D0 l 
5 . 889 D - 1 1 
-9 9220-03 
9.2100-07 
9 . 269D-02 
-2.053009 
7 . 9920 03 
-7 .0520-05 
-8 . 9951)- 02 
3 . 5670-09 
9 . 570D-Q3 

- I . 7 8 2 D - 1 0 
2 . 191 1» 02 

-2 . 2790-08 
7 . 9950-02 
-2 , 0510-07 

- 1 . 298 0 01 
3 . 26 30-07 

- 3 3520-09 

5 9270 07 
-8 104D OS 

3 919D-0S 
-7 .9070-03 

6 . 338 0-05 
2.1 96 D 01 
6190005 
3. 0530- 06 

- 1 . 8980 06 
9 .9 37 0-09 
-2 . 1 7 5 D - 0 9 
1 9970-03 

-l , 36 5 D- 03 
3. 958D-05 
-2 . 920D-03 


CH3 

-1 .2970-01 
-6 ,9320-02 - 
2 . 276 D- 01 
-1 . 010D-01 
2 .603D-01 
-1 . 967D-Q1 
9 .7060-02 
-5 .7 10D09 
-2 . 398D-01 
3.295D-07 
-9 . 7 31 0 01 
1.9560-10 
6 . 505D-02 
-3 .9950-06 
-1 . 9550-01 
9 . 3550-05 
-2 . 058 D- 02 
1 . 9510-05 
3.298D 02 
-6 .511D 05 
1 . 365002 
-2 . 795D-10 
-3 8900 02 
5 9390 08 
-1 . 5S5D -01 
5 855D 07 
1 .7950 01 
-8.0150-07 
-3,613005 
-2 . 575D-07 
7 . 692D-05 
-4.5330-03 
J . 9840-02 


H 

8 . 069D-01 
1 .712D 01 
6 .977D-02 
2.3760-02 
5.873001 
4 772D01 
4 945D02 
170004 


-4.920D-02 -3 
4 
4 


6400-04 
1650 02 
7430-06 
.51 ID 06 
364D 06 
, 447 D 04 
. 328 D 09 
. 164D-04 


.6800-08 
4.1150-01 
-7 . 731D-1 1 
2 . 9240-02 
-1 . 560006 
-2.603D-02 

1 .264D-04 
-2 . 840D- 02 

2 8620-04 
3.2950-01 

-2 2840-03 
-6 . 0 0 7 D 02 
1 . 399D 09 

- 1 . 0470-01 
1 . 3790 07 

-4.490D 01 
1 . 366 D 06 
6 . 7960 U1 
-2 . 598D 06 
5.231D 03 

- 1 .257 0 0 5 
5.921D 02 

-3 . 58QD-02 
2 86 0 D 02 
-2.562D-04 
3.051D 01 
-8 . 0590 05 
-1 .7990-05 
a . 6630 06 
-7 . 5300-0 3 
2.5020 08 
-1 . 5421) 02 


OH 

6 . 8980-01 
1 . 390D-01 
5 5030-01 
2.608001 
-3.950D 01 
2.912001 
1.261001 
6 . 599 D - 04 
3110 01 
470D 07 
. .3100-01 
1.3910-10 
1 . 200D-01 
-7 . 3290 06 
-3 . 000D-01 

1 .8860-03 
-9 1670-03 

1 . 037D-04 

2 9070-01 
-l .92QD-03 
-7 . 704D-03 

4 . 1560 1 1 
-1 . 1830-01 
1.7400 07 
-3. 5060 01 
1 .0320-06 
5 .2600 -01 
- I . 9 0 9 D 06 
-l . 074D 03 

3 838D 06 
-4 .4150 02 

2 .6080 -02 
6 . 0230 -02 
-5.4270-04 
8 .7780 01 
-3.2140-04 
1 844D 05 
8 . 5220 06 
1 . 560D- 05 
-5. 5120-09 
-1 . 5120 03 


H20 

8.7220-01 
-6 .6470-02 
8 .713D-03 
-5. 3330-03 
-4 . 3001) 01 
2 . 5930-01 
7 . 26 1D 02 
-2 .687D-04 
-1 . 302D 01 
1 . 31 1 D 07 
7 . 6 l 2 D 0 1 
-1 .6620 10 
4 . 330D 02 
-2 .1620-06 
1 .409002 
-8 884D06 
-1 . 052D-02 
8 . 944D-Q5 

2 . 17 50 01 
-6 .8060-04 
-1 .067002 

1 , 352 D 10 
- 3 878D 02 
5 .4800 - 08 
-1 .454D01 

3 44 7 D 07 
2 .4850 -01 

- 4 97 5D 07 
-4 .0150 04 

1 . 132D 06 
2 . 0860 02 

-9 . 824D-03 

2 1 38 D 02 
-1 .820D-04 

6 .709001 
l . 8 9 2D 04 
-5.1 1 1 D - 06 
3 . 81 3D- 06 
8 . 9 49 D 04 
-1 . 552D 09 
-2. 1 / 7 D 03 


H2 

8 . 0490 01 
-8.629D-02 • 
-1 . lllD-OL - 
4.7010-02 
5. 6160-02 
-8 .8900 02 
-5.955002 
2 . 526 D- 04 
1 .4750-01 
-2 , 015007 
6 . 66 1 D - 0 1 
-1 . 5910-10 
-l .805002 
1 . 086D 06 
1 .8670-01 
-8 . 0940-04 
2.631D02 
-2.3830-04 
2.6030 01 
-1 . 2600-03 
-5 .7 300-02 
1 .1570-09 
-5.7020-02 
6 . 1560-08 

- 1 . 4950 01 
3 6180-07 
3 . 3260-01 

- 8 . 7 0 0 D - 0 7 
3.494005 

-6 . 6880 06 
-2 07 2D- 02 
1 . 161D 02 
-2 1 56D 02 
1 .9650 04 
1693001 
-3 .06 30 05 
-8. 1UD 06 
4.927D-06 
-5.9060 03 
2 . 16 30 08 
1 2220 02 


6.668D-01 - 
1 .0830-01 
1 . 280001 
5.876D-02 - 
6.936D-01 
5.700001 - 
1 .1150 01 
7 . 5500 04 
5. 5210 01 
8.7300 07 
4.8420 01 

- 1 . 0 3 3D 10 
-1 . 160001 

8.4890 06 

1 . 3950 01 
-6 . 080D 04 
-8 ,8090 03 

1.1110-04 
2.5650-01 
-l . 6820 03 
-1 . 1820-01 
3 . 2270 09 
-6 .4280 02 
8. 07 90 08 
-2.8/9001 
8 9060 07 
5 24 1 1) U1 

2 094D 06 
4 . 7 330 03 

- 1 .1 47 0 05 
4 ,8221) U2 

-2 . 802D-G2 
-6 .0340 02 
5. 522 D 04 
l . 1570*00 
-4,71 5004 
-1 .2130 05 
6 . 029 D 06 

- 7 . 056 D - 03 
2.4070 08 

-19160 02 


CH2U 

1 . 1520 01 
1 .0420- 03 
4.8/20 01 
-1 913U 01 
1.675001 
1.16/D 01 

- 3 . 58 7 D 02 
2 .00/004 
2 0560 01 

-2.9101) 0 7 
1.1510 01 

- 1 . 058D 10 

- 1 , 1 82 D 01 
7 . 3541) 06 

-5.4280 01 
2.5060 03 
-6 . 2 7 2D U2 
5 .5780 04 
-1,0/80 01 
7 . 722D 04 

- 1 . 97 3D 02 
5 . 0440 1 0 
1,712002 

-2. 3 7 6 D 08 
4.0871) 03 
-1 .0120 08 
-1 .2581) 02 
1.3970 08 
1 .2351) 03 
-2 7481) 06 
3 . 5490 02 

- 1 .90/0 02 
1 . 9590 02 
1 ,7900 04 

-8,5/00 02 
2.0650 05 

1 .9460 06 
9 9660 07 

2 . 1491) 0 5 
6 , 5820 09 
2 6390 03 


02 

-1 .6690 01 

1 . 29) D 02 - 
-4 9950 05 

2 . I 140 03 
7.3240 02 
-4 , 3180 02 
-1 . 0/10 02 
3.5000 05 
1.51/0 02 
-1,2410 08 
1 . 50 70 01 
3 .435D 11 
4 9720 0 1 

2 1 801) 0/ 
8.6910 04 

- 1 . 1240 05 
2.129D 03 

- 1 8 0 2 0 0 5 
4 1 21 D 02 
1 .2820 04 
3 . 4250- 03 
5 . 7240 11 
7.4390 03 
6 . 6640 09 

2 7440 02 
6.4800-08 
4 . 8201 ) 02 
9 .6820 08 

- 2 . 0280 04 
3.2960 0/ 

3 7050 OS 
1.7370 03 
2 7 48 D 03 
2.2/5005 
1 1941 ) 0 1 
3.3 3/1) 0 5 
9 .858 0 0/ 
7 . 3300 07 
6 9560 05 
4.9011) 1 0 
4 .5400 04 


HCU 

0450 01 
5170 02 - 
549D 02 
5910 0 3 
0180 02 ■ 
3500 02 
6340 02 
1 3 1 D- 04 
,7920 02 
, 7460 OB 
..0180 01 
1 9550 1 0 
4 . 07 ft D- 02 
3 . 1890 06 
4.694D 02 
8 719D 04 
8 . 5560 03 
1 . 5690 04 
1 .2750-01 
1 , 2640- 1)3 
6 .2900 02 
1 . 7 0 3D 09 
1 1480 01 
1 .949 0 0/ 
-4 . 1 760 01 
1 , 57 00 06 
5.7140 01 
2.4420 06 
26330 04 
1.6440 06 
5.1 230 03 
4 . 7280 05 
16570 02 
1 .4650 04 
5 4630 01 
21190 04 
8 3480 06 
3 86 71) 06 
6.6050 05 
6 . 5841) 10 
) 59/0 03 


CO 

1 , 2850100 
9 2440 02 
2.0270 01 
7 .88/0 02 
5.2960 01 
3.0890 1)1 
5.9641) 02 
-i . 746 0 04 

- 1 . 1430 01 
1 .0790 07 
1 . 0871)1 00 

-2. 1 390 10 
6 .4460 02 

- 5 428 0 06 
2.6470 01 

- 1 . 0650 03 
1 8570 02 

-l 6970 04 
3. 5410 01 
1 . 294 D 05 
-2 6 55D 02 
3. 9770 10 

5 8 500 02 
5 . 1960 08 

-1 .7770 01 
1.9540 0/ 
3.8/40 01 
8 5650 0/ 

3 .0080 03 

6 2850 06 
4 . 3550 03 
6.7 721) 04 
1 5260 U2 

- ) 246 0 04 

7 . 9861) 01 
-2.1450 04 
- 7 .9260 06 

5 . 7 8 8 D 06 
-7 98 /1) 04 
5 085D 09 
5.6481) 0 3 


-4 . 455D-04 
-2 ,7320-04 
1 .8390-02 




1 6940-03 - 3 . 387 0-04 
2.1160 04 l 3710-05 
-1.445002 -7.868004 


1.1 120 03 4. 0040-03 

-) 2650 04 - 1 0880 04 
B 90 50-0 3 6 56 7 0 0 3 


REAC NUM C02 H02 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
1 5 
16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 
4 5 
44 


2.4Q3D+0Q 4.339D-01 

-l . 772D-01 -9. 777 D- 02 
-9. 2060-01 2. 9230-02 

3.3000-01 -ft. 1130-03 
-1 0620*00 -3,5080-01 
6.225D-01 2.916D-01 

1 697 D- 01 2.248D-02 

-6 . 47 2D- 04 -9.9450- 05 
-5.7510-01 -1.6320-02 
4.001D-07 1. 1490-08 

1.6 580*00 1.67 ID- 01 

-3.396D-10 -2. 5400-1 1 
1 6260-01 1 .44 7 0-02 

-8.216D-06 -7.706D-07 
9 606002 -3.899D-03 
2.931004 1. 4550-05 

1.5850-02 -1 . 5680-02 
- 1 . 097 0-04 1 . 5580-04 

6 .817 0-01 1.9050-01 

-2 . 2110-05 -1 . 302D-03 
-2. 8030-02 -3 . 58 2D- 02 
3. 2680 10 7. 9810-1 0 

-1 . 325D-01 -5. 979D-02 
1.5220-07 7.4530-08 

-3.599D-01 -2.5620-01 
8.419D-07 7.452D-07 

7.300D-01 3.9090-01 

-1 . 484 D- 06 -1 . 38 3D - 06 
9.971001 2.895D03 

-1 . 91 5D-05 -6 . 486 D-06 
-2.678D-02 3. 3440-02 

1 .755D-Q2 -1 .9Q3D-02 
5.220D-Q2 1.4720-02 

-4 .462D 04 -1 . 351D 04 
1 . 5930*00 1 . 065001 

-4 . 344D-G4 -2 • 5010-05 
-1. 7260-05 -9 . 929D- 06 
1.192D-05 4.871D-06 

l . 068D-05 -3. 502D-01 
8.026D-10 1. 0560-06 

-7. 2500-03 9.9Q4D-01 

5 . 261 D-Q3 -6 , 1820-01 
-4 . 557 D- 04 -4.1320-05 
2. 877D02 2.453D-03 


USENS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 


TOTAL 
TOTAL 
I 01 AL 
101 AL 


OF STEPS 

OF DERI VA 1VE EVALUATIONS 
OF JACOBIAN EVALUATIONS - 


92 

123 

21 

5. 1 30000 S 


WORK REQUIRED BY SENSITIVITY RQUTINEi 

NO. STEPS = 92 

NO. FUNC. EVAL. = 92 

MO. JAC. EVAL. = 92 

TOTAL REAL SPACE USED = 

TOTAL INTEGER SPACE USED = 


3924 

66 








( L SENS ) READ DATA FOR NEXT CASE 


6 800000 S 
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TABLE E.2. — Continued, 
(e) Case 5 


REACTION 

NUMBER 


tEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM 
FORMALDEHYDE QXID., DOUGHERTY ET AL, J. CHEM PHYS, V71, P179A, 1979. 
REACTION 


NASA LEWIS RESEARCH CENTER 
CASE 5 


1 

l*HCO 

4 

1*02 

> 

2 

1MH02 

+ 

1XCH20 

> 

3 

M 

♦ 

1*H202 

> 

A 

1MCH20 

4 

1MQH 

> 

5 

1M0H 

+ 

1*H202 

> 

6 



1 *11202 

> 

7 



1 *1102 

> 

8 



2*H02 

> 

9 

1MCO 

4 

1 * UM 

> 

10 

l*CO 

4 

1*H02 

> 

11 

1MCH20 

4 

1 *11 

> 

12 

1«M 

+ 

1 *02 

> 

13 

1 *H 

4 

1*02 

> 

14 

M 

+ 

1 *H02 

> 

15 

1 M 0 

4 

1 *H2 

> 

16 

1MCH20 

4 

1*0 

> 

17 

JMH 

♦ 

1 *H202 

> 

18 

1MH 

4 

1 *H202 

> 

19 

1MU 

4 

1 *11202 

> 

20 



1 *HCO 

> 

21 

1 MM2 

4 

1 *OH 

> 

22 

l *CH20 

4 

1*02 

> 

23 

IMH 

4 

1 *HD2 

> 

24 

1MII02 

4 

1 *H 

> 

25 

1*H 

4 

1 *H02 

> 


REACTION RATE VARIABLES 
A N 


ACTIVATION 


1*C0 

4 

1 *H02 

6 . Q2U00E4 ) 0 

0 . 0000 

ENERGY 

0.00 

1 *H202 

4 

1MHC0 

3 , 4 3000E + 1 0 

0 . 0000 

0 . 00 

2*0H 



A . 0 1 0OOE+ 06 

0 . 0000 

0.00 

1 *HCO 

4 

1MH20 

9.6A000E+13 

0 . 0000 

0 . 00 

1 *H20 

4 

1MH02 

3 . 07 OOOE * 1 2 

0 . 0000 

0.00 

1 *H202W 



1 . 05000E i 02 

0 . 0000 

0 . 00 

1 *M02W 



1.05000E+01 

0 . 0000 

0.00 

1 *H202 

4 

1*02 

1 .8 1000E+12 

0 . 0000 

0.00 

1 *C02 

4 

1 *H 

1 . 99000E* 1 1 

0 .0000 

0.00 

1 *C02 

♦ 

1*0H 

7 . 23000E+08 

0 . 0000 

0.00 

1 *HCO 

4 

1*H2 

1 . 63000E+ 1 2 

0 . 0000 

0.00 

I * OH 

4 

1*0 

3.32000E+10 

0 . 0000 

0.00 

1 *H02 

* 

M 

3.63000E+15 

0 . 0000 

0.00 

1 *H 

4 

1*02 

2.83000E+05 

0 . 0000 

0.00 

1 *0H 

4 

1 *H 

1 .82000E41 1 

0 . 0000 

0 . 00 

1 *HCO 

4 

1M0H 

6 . 02000E+ 1 3 

0.0000 

0 . 00 

1 *H02 

4 

1*H2 

7 . 8 3000 E ♦ 1 1 

0 . 0000 

0.00 

1 *H20 

4 

1 *0H 

3. 55000E+ 12 

0 . 0000 

0.00 

1 *0H 

4 

1*H02 

6 . 02000EI 10 

0 . 0000 

0 00 

1 *H 

4 

1 "CO 

A . 6 0000 E - 1 2 

0 . 0000 

0 . 00 

1 *H20 

4 

1 *H 

6.020006+12 

0 . 0000 

0.00 

1 *HCO 

4 

1 *H02 

1 .75000E+0A 

0 . 0000 

0.00 

2 *0H 



3. 01000E+12 

0 .0000 

0.00 

1 *H20 

4 

1*0 

3.01000E+13 

0 . 0000 

0.00 

1 *H2 

4 

1*02 

2.71000E413 

0 . 0000 

0 .00 


ALL THIRD BODY RATIOS ARE 1.0 


** INITIAL CONDITIONS MM 


TIME 0 . OOOOOE +00 SEC 


AREA 0 . 00000E + 00 SO CM 


AXIAL POSITION O.OOOQQE+QO CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
( G/CM* * 5 ) 
TEMPERATURE 
(DEG K) 

MASS PLOW RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 

GAMMA 


0 . 91807 
0.00 

3. 378A2E-0A 
952.00 
0 . QOOODE+OO 
2.0112 
0 . 0000 
1 .3330 


STEPS FROM LAST PRINT 0 

AVERAGE STEP SIZE O.OOOOOE+OO 

METHOD ORDER 0 

TOTAL NUMBER OF STEPS 0 

FUNCT EVALUATIONS 0 

JACOBIAN EVALUATIONS 0 


ENTHALPY -2.07B69E+02 

(CA1 /G) 

SP. HEAT (CP) 2 . 7673/E-Q1 

(CAL/G/DEG K) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCT 


(MOLE5/CM**3) 


RATE <M0LE/CM**3/S 

HCO 

O.OOOOOE+OO 

0 . 00000E400 

A . 1 A8A1E-09 

02 

2 . 10900E-06 

1 . 79A53E-01 

-A . 1 A8A1E-09 

CO 

A 69900E-06 

3.99833E-01 

0 .OOOOOE + OO 

HO 2 

O.OOOOOE+OO 

0 . OOOOOE * 00 

A . 1A8A1 E-09 

CH20 

1 . 12A00E-07 

9 . 56A00EO3 

-A . 1A8A1E-09 

11202 

0. OOQOOE+OD 

0 . 000006*00 

0 . OOOOOE+OO 

OH 

0. OOOOOE+OO 

0 . 000006*00 

O.OOOOOE+OO 

H20 

0 . 000006*00 

0 . oqqooe+oq 

0 . OOOOOE + OO 

H202H 

0 . 00000E+ 00 

0 OOOOOE * 00 

0 . OOOOOE + OO 

H02N 

0 . OOOftOE + 00 

0 . OOOOOE t 00 

0 . OOOOOE + OO 

C02 

0 . OflOOOF i 00 

0. OOOOOEtoO 

0 OOOOOE+OO 

H 

0 . OOOOOE *00 

0 . OOOOOE* 00 

0 . OOOOOE+OO 

H2 

0 . OOOOOE* 00 

0 OOOOOE+OO 

0 . OOOOOE+OO 

0 

O.OOOOOE+OO 

0 . OOODOE+OO 

0 . OOOOOE+OO 

N2 

A 83200E-06 

A .11 1506-01 

0 . OOOOOE + OO 


REACTION 

RATE CONST 

NET RtACTION CONV RATE 

N6T RAT E/PUSI - 

NUMBER 

COS UNITS 

( MOt E-CM** 3/G**2/ SEC ) 

TIVE DIR RATE 

1 

6 0200E+10 

O.OOOOOE+OO 

0 . 00000 

2 

3.A300E+10 

0.000006+00 

0 . 00000 

3 

A . 0100E+06 

O.OOOOOE+OO 

0 . 00000 

A 

9 . 6 AOOE* 1 3 

O.OOOOOE+OO 

Q . 00000 

5 

3 . 0700E+ 12 

0 . OOOOOE+OO 

0.00000 

6 

1 . 0500E+02 

O.OOOOOE+OO 

0 .00000 

7 

1 .05006 + 0 1 

0 . OOOOOE+OO 

0 .00000 

8 

1 .81006+12 

0 . OOOOOE+OO 

0 00000 

9 

1 . 9900E+] 1 

O.OOOOOE+OO 

0 00000 

10 

7 . 23006+08 

0 . OOOOOE+OO 

0 . 00000 

1 1 

1 .63006+ 12 

0 000006+00 

0 . ooooo 

12 

3. 32D0E + I0 

O.OOOOOE+OO 

0 ooooo 

13 

3.6300E+15 

O.OOOOOE+OO 

0 . ooooo 

1 A 

2 . 8300E + 05 

0 OOOOOE+OO 

0 ooooo 

1 5 

1 .82006+ 1 1 

0 . OOOOOE* 00 

0 . ooooo 

1 6 

6 . 0200E+13 

0 . OOOOOE* 00 

0 ooooo 

17 

7 .83006+11 

0 . 000006+00 

0 . ooooo 

18 

3. 5500E+12 

0 . OOOOOE* 00 

0 . ooooo 

19 

6 0200E+ 10 

O.OOOOOE+OO 

0 . ooooo 

20 

A .60006-12 

O.OOOOOE+OO 

0 . ooooo 

21 

6 . 02006 + 12 

0 . 000006 + 00 

0 . ooooo 

22 

1 . 7 5 0 0 E + 0 A 

3.63A58E-Q2 

1.00000 

23 

3.01006+12 

O.OOOOOE+OO 

0 . ooooo 

2A 

3 . 0 1 006 l 1 3 

O.UOOOOEIDO 

0 . ooooo 

25 

2.71006+13 

0 . 000006* 00 

0 . ooooo 
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TABLE E.2. — Continued, 
(e) Continued. 


DERIVATIVES (CGS UNITS). T 
MIXTURE MOLECULAR HEIGHT 


0 . OOOOOE+OO RHO O.OGOOOE+OQ 

28 7A669 TOTAL ENERGY EXCHANOE RATE 1.90297E+03 

<CAl-CM**3/G**2/SEC) 


MASS FRACTION SUM l.OOOOOQOQ 


CPU TIME FOR INITIALIZATION OF LSENS = 


1 . 04 0 001 S 


TIME 5.000QQE-03 SEC 


AREA 0 . OOQQQEtOQ SO CM 


AXIAL POSITION 0. OOOOOE+OO CM 


FLOW PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 
( CH/ SEC ) 
DENSITY 
(G/CM**3) 
TEMPERATURE 
( DtG K) 

MASS FIOM RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG X) 
MACH NUMBER 


0.91807 

0.00 

3. 37892E-09 
952.00 
0 OOOOOE+OO 
2.0113 
0 .0000 


GAMMA 


1 . 3350 


ENTHALPY -2 08171E+02 

(CAL/G) „ 

SP. HEAT (CP) 2.76736E-01 

(CAL/G/DEG K) 


INTEGRATION INDICATORS 

STEPS FROM IASI PRINT 10 

AVERAGE STEP SIZE 0.51995E-G3 

METHOD ORDER J 

TOTAL NUMBER OF STEPS 15 

FUNCT EVALUATIONS IS 

JACOBIAN EVALUATIONS * 


CHEMICAL PROPERTIES 


SPECIES 

HCO 

D2 

CO 

H02 

CH20 

H202 

DH 

H20 

H202H 

H02H 

C02 

H 

M2 

0 

N2 


CONCENTRAT ION 
(M0LES/CM*»3 ) 
5.99396E-12 
2, 1 07 58 E- 06 
A .69973EQ6 
9 . 7 0807 E - 1 1 
1 . 1 0992E ' 07 
5 . 7 78 1 5E- 1 0 
3. 9191 7E-19 
6 .57939E-10 

8 917 53E-1 I 
1 84581E-12 
6 .67 303E-10 

9 . 23807E-I9 
3 . 05162E-11 
1 00921 E-l 5 
A . 83200E-06 


MOLE FRACTION 

5. 10019E-07 
1 . 79J31E-01 
3. 99B95EQ1 
8 . 260A8E-06 
9.A9922E-03 
A .9 16 59E-05 
2 .90933E-09 
5 . 59A03E 05 
7 . 587B2E-06 
1 .60A61E-07 
5.67800E- 05 
7 86056E-09 
2 . 596 59 E - 06 
8 . 58722E-11 
A. 111A9E-01 


NET SPECIES PRODUCTION 
RATE (MOLE/CMXK3/SEC) 

2 . A90Q9E-09 
-7 61730E-07 

3 . 986A2E-07 

3 75318E-Q8 
-7 . 6 298 1 £- 07 

2.95A56E-07 
-1 . 0 1 196 E-l 0 
3.66366E-07 
6 . 0670AE-08 
1 . 01935E-09 
3.618A9E-Q7 
5.211 1 3E-I 1 
1 . 6991 9E-08 
-9 . 3A028E-12 
0 . OOOOOE+OO 


REACTION 

RATE CONST 

NUMBER 

CGS UNITS 

j 

6 . 020 0 L 1 1 0 

2 

3.93OOE+10 

3 

9 . 0100E » 06 

9 

9.6AQ0EH3 

5 

3 . 0700E+ 12 

6 

1 . 0500E+ 02 

7 

] . 0500E + 01 

8 

1 . 81 DOE + 1 2 

9 

l . 9900E + 11 

10 

7 .2300E+08 

1 1 

1 630QE+12 

12 

3 . 3200EUQ 

13 

3.6300E+15 

19 

2.8300E+05 

15 

1 8200E+11 

16 

6 . 0200E+1 3 

17 

7 , 8 300E * 1 l 

18 

5. 5500E+12 

19 

6 . 0200E+10 

20 

A.6000E-J2 

21 

6 0200E+12 

22 

1 .7500E+09 

23 

3. 01Q0EU2 

29 

3 . 01Q0EU 5 

25 

2 . 7100E+13 


NET REACTION CONV RATE 
(MOLE~CM**S/G««2/5tC> 

6 .6629 5E » 00 
3 , 23812E + 00 
2 . 38 5 7 9 E - 0 1 
3 . 2 0 526 E * 00 
5 . 31 597 E- 09 
5.31 556 E" 01 
8 . 93089E- 0 5 

1 , 99957E-0 1 

2 80168E-01 
2 .8901 3E+00 
1 . 96932E 01 
5 . 66 337 f -02 
7 .27731 E -02 
2.82891E03 
A .91 082E-08 
5 . 90803E- 02 
3.66187E- OA 
1 , 66025E TI3 
3.07565E* 07 
2.91571E16 
5 . 50326E -05 
3 . 58669 E - 02 
2 . 36 51 2E - 09 
2 . 36 512E 0 3 
2. 12939E 03 


NET RAlfc/POSI- 
TIVE DIR RATE 
1 .00000 
1 00000 
1 .00000 
1 .0 0000 
1 00000 
1 00000 
1 00000 
1 . 00000 
1 00000 
1 . 00000 
1 . 00000 
1 00000 
1 00000 
1 . ooooo 
1 . ooooo 
1 ooooo 
1 ooooo 
1 . ooooo 
1 ooooo 
1 ooooo 

1 . 00000 
1 . ooooo 
1 . ooooo 
] .00000 

1.00000 


DERIVATIVES (CGS UNITS). 


0 . OOOOOE+OO RHO 


0 . 0C3QQE+UO 


MIXTURE MOLECULAR HEIGHT 28.79658 


TOTAl ENERGY EXCHANGE RAT II -9 . 9286 5E » 05 

(CAL -CM** J/G** 2/SEC) 


MASS T RACI ION SUM 1.00000000 


COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP 


3 . 1 99997E-0 l 5 


UP TO THIS TIME - 9.099989E-01 S 
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TABLE E.2. — Continued, 
(e) Continued. 


***** SENSITIVITY CALCULATIONS ***** 

TIME = 5. 00000 D- 03 

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


**** NORMALIZED SENSITIVITY COEFFICIENTS W.R.T THE PREEXPONENTIAL CONSTANTS **** 

DZ(I )/DA< J)*A< J)/Z( I) WHERE Z(I)= OORDER TIME DERIV. OF Y(I), I=COLUMN, J = ROW 

**** NOTE. FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS W.R.T. MJJ AND E( J ) ARE 
THE SAME AS THE NORMALIZED COEFFICIENTS W.R.T, A(J) **** 


REAC HUM 

HCO 

02 

CO 

H02 

CH20 

H202 

OH 

H20 

H202W 

H02H 

1 

-9. 231 D- 01 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

0 . OOOD+OO 

0 .OOOD + OO 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD+OO 

2 

1 . 236 D * 0 0 

0 . O00D*O0 

0 . OOOD* 0 0 

7 , 05AD01 

0 . OOOD+OO 

1 . A93D+00 

ft .297 D-01 

5.878D-01 

1 . 358D + 00 

A . 8 58 D- 0 1 

3 

7 . 700D-01 

0 . OOOD+OQ 

0 . OOOD+OO 

7 . 22AD-01 

0 . OOOD+OO 

A . 922D-Q1 

8 . 383D-01 

6 . 08AD01 

3. 565D-01 

5.095D-01 

A 

-2. 137D-01 

0 . OOOD+OQ 

0 .OOOD+OO 

-2. 12AD-01 

0 .OOOD+OO 

-I .8 36D-01 

-1 . 162D+00 

-1 . Z33D-01 

-1 .512001 

- 1 7 36 D-01 

5 

0.0000*00 

0 . OOOD* 00 

0 . OOODtOO 

0 . OOOD + OO 

0 . OOOD+OO 

0 . OOODtOO 

0 . OOODtOO 

0 .OOOD+OO 

0 OOOD* 00 

0 . OOOD+OO 

6 

0 . OOODtOO 

0 . 000D*00 

0 . OOOD* 00 

0 OOOD+OO 

0 . OOOD * 00 

-1 827D-01 

0 .OOOD+OO 

0 . OOOD* 00 

ft . 576D-01 

0 . OOOD+OO 

7 

0 . 0000*00 

0 . OOOD* 00 

0 .OOODtOO 

0 . OOOD + OO 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOODtOO 

0 .OOOD+OO 

0 . OOOD+OO 

9 833D-01 

ft 

-3.056D-01 

0 . OOOD* 00 

0 . OOOD* 00 

-3. 195D-01 

0 . OOOD+OO 

-1 . 77QD-01 

-3.0160-01 

-3 . 780D-01 

-3 . 1 30D-01 

-1 .862D-03 

9 

2. 1A2D-01 

0 . 0OOD*00 

0 . ODOD* 00 

2 . 12ft D- 01 

0 . OOOD+OO 

1 .8A1D-01 

l .62AD-01 

1 .238D01 

1 . 517D 01 

1 . 7 A0D-03 

10 

5. 976D-01 

0 .OOODtOO 

0 .OOOD+OO 

1 662D-01 

0 . OOOD* 00 

1 . 377 D-01 

1 .0270*00 

1 . 013D+00 

1 . 308D-01 

3 . 325D-01 

1 1 

-1 .2350-01 

0.0000*00 

0 . OOOD* 00 

-I . 227 D - 0 1 

0 . OOOD+OO 

-1 . 065D-01 

-1 . 397D-01 

-1 . 178D01 

0 .OOOD+OO 

-3 . 007D01 

12 

2. 03AD-0L 

0 .0000*00 

0.0000*00 

1 . 91 bD-01 

0 . OOOD+OO 

1 . 6A8D-QI 

2 16AD-01 

1 . 798D 01 

1 . 352D-01 

1 . 55AD-Q1 

1 3 

0.0000*00 

0 .0000+00 

0 .OOOD+OO 

0 . OOOD* 00 

0. OOOD+OO 

0 . OOOD+OO 

0 OOOD+OO 

0 .OOOD+OO 

0 .OOOD+OO 

0 .OOODtOO 

1 A 

0 . 0000*00 

0 . 0000*00 

0 . OOOD* 00 

0 . 0000*00 

0 . OOOD+OO 

0 . OOOD+OO 

0 OOOD+OO 

0 .OOOD+OO 

Q . OOOD* 00 

0 .0000+ 00 

15 

0.0000*00 

0 .0000+00 

0 . OOOD* 00 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD + OO 

0 . OOOD+OO 

0 .OOODtOO 

0 . OOOD* 00 

0 . OOOD+OO 

16 

0.0000*00 

0 . OOOD+OQ 

0 .OOOD+OO 

0 . OOODtOO 

0. OOOD+OO 

0 . OOODtOO 

0. OOOD+OO 

0 . OOODtOO 

0 .OOOD+OO 

0. OOOD+OO 

17 

0 . 0000*00 

0 . OOODtOO 

0 .OOOD+OO 

0 . OOODtOO 

0 . OOOD+OO 

0 . 0000* 00 

0 . OOOD* 00 

a . oood<oo 

0 . OOOD* 00 

0 .OOOD+OO 

IS 

0 . 0000*00 

0 . OOOD+OO 

0. OOOD+OO 

0 . OOOD+OO 

0 . OOOD* 00 

0 . OOOD + OO 

0. OOOD+OO 

0. OOOD+OO 

0 . OOOD+OO 

0 OOOD+OO 

19 

0 . 0000*00 

0 . OOODtOO 

0 . GOOD* 00 

0 . GOOD* 00 

0 . OOOD+OO 

0 . OOOD + OO 

0 . OOOD + OO 

0 .OOOD+OO 

0 .OOOD+OO 

0. OOODtOO 

20 

0 . 000 D * 00 

0 . OOOD* 00 

0 .OOOD+OO 

0 .OOOD + OO 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

0. OOOD+OO 

0 .OOOD+OO 

0 . OOOD+OO 

21 

0.0000*00 

0 . OOODtOO 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

0. OOOD+OO 

0 .OOOD+OO 

0 .OOOD+OO 

22 

6 .8360-01 

0 . 0000*00 

0 . OOOD+OO 

6 . 7 56 D O 1 

0 . OOOD* 00 

8.101 D-Ql 

7 .0A8D-01 

8 . 185D-01 

6 . 805D-01 

8 . 09AD-01 

23 

0.0000*00 

0,0000*00 

0 OOOD+OO 

0 .OOOD + OO 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD + OO 

0 . OOOD* 00 

0 . OOOD+OO 

0 . OOOD* 00 

2A 

0.0000*00 

0 , OOOD+OO 

0 . 000D*00 

0 . OOOD+OO 

0 .OOOD+OO 

0 . OOOD* 00 

0 .OOOD+OO 

0 . OOOD+OO 

0 . OOOD+OO 

0 . OOOD * 00 

25 

0 . OOOD * 00 

0 . OOOD+OO 

0 . OOOD+OO 

0 .OOOD + OO 

0 .OOOD* 00 

0. OOOD+OO 

0. OOOD + OO 

0 .OOOD+OO 

0 . OOOD+OO 

0 . OOOD* 00 


REAC MUM H H2 O 


1 

0 . OOOD + OO 

0 . OOOD + OO 

0 . OOOD+OO 

2 

8 . 1 J3D-01 

5.8A50-01 

8 . 527 D- 01 

3 

8 . 255D-0 1 

6 . 06 3D-01 

8 . 599D-01 

A 

-1 . 1A9I1+00 

-1 . 1 12D+00 

-1 . 158D+00 

5 

0 . OOOD+OO 

0. OOOD+OO 

0. OOOD+OO 

6 

0 . OOOD+OO 

0. OOOD+OO 

0. OOOD + OO 

7 

0. OOOD + OO 

0 . OOOD+OO 

0 . OOOD + OO 

8 

-2.962D-01 

-1 .7750-01 

-3. I09D-01 

9 

1 . 150D+00 

1 . 1 1 2D + 00 

1 . 159D+00 

1 0 

1 . 019D + 00 

1 . 005D+00 

1 031D+00 

1 1 

-6 . 550D-01 

3. A87D-0I 

-6 602D-01 

12 

0 . OOOD + OO 

0 . OOOD+OO 

9.8I0D-01 

13 

-32A6D-01 

-3. 156D-01 

-3 . 27 3D - 0 1 

1A 

0 . OOOD+OO 

0. OOOD+OO 

0. OOOD+OQ 

15 

0 . OOOD+OO 

0 . OOOD* 00 

0. OOOD+OO 

16 

0 . OOOD+OO 

0 . OOOD+OO 

-9.999D-01 

17 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

18 

0 . OOODtOO 

0 .OOOD+OO 

0. OOOD+OO 

19 

0 . OOOD+OO 

0. OOOD+OO 

0 . OOOD+OO 

20 

0. OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

21 

0 . OOOD+OO 

0 . OOOD+OO 

0. OOOD+OO 

22 

6 . 9 A 0 D - 0 l 

8 . 176D-G1 

7 . 297D-01 

23 

0 . OOOD+OO 

0 . OOODtOO 

0 . OOOD+OO 

2A 

0 . OOOD+OO 

0 . OOOD+OO 

0 . 000D+ 00 

25 

0 . OOOD+OO 

0 . OOOD+OQ 

0. OOOD+OO 


C02 

0. 00 0 D t 0 0 
A . 952D-01 
5.1S3D01 
•2. 5A8D-01 
0. OOOD+OO 
0 . 0 0 0 D * 0 0 

0 . 0 0 0 D < 00 
-1 . 8 56 D- 0 1 

2 . 552D 01 

1 .322D+00 
■1 .022D-01 

1 . 5 7 6 D 01 
0 0000+00 
0 . 000DI 00 
0 . 000DI 00 
0 . 000D t 00 
0 . OOOD+OO 
0 . GOOD* 00 
0 . OOODi 00 
0 . OOODi 00 
0 . 0000*00 
8. 1 06 D 0 l 
0 0 0 0 D i 0 0 
0.0000*00 
0 . 000D*Q0 
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M MM REACTION 


VARIABLE 


HCO 


02 


CO 


H02 


CH20 


M2U2 


OH 


H20 


. H2U2H 


H02W 


C02 


H 


M2 


0 


TABLE E.2. — Continued. 

(e) Concluded. 

TIME = 5.00Q00E-05 

IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF Y(I) HRT PREEXPONENTIAL COHSTANIS »** 


REACTION NUMBER 

NORMALIZED SENSITIVITY COEFFICIENT 


2 1 5 22 

1.236E+00 -9.251E-Q1 7.7QQE-01 6.836E-Q1 


10 8 
5 . 976E-Q1 -3.056E-01 


y A 12 11 

2.1A2E-01 -2.137E-01 2.03AE-01 1. 2356-01 


22 

6 756E-01 


9 9 

2.128E-D1 -2.12AE-01 


12 

. 915E-01 


10 11 
. 662E-01 - 1 22/ t- 0 l 


2 

L . A9 3E ♦ 00 

8 . 

22 

I01E-01 

3 

A.922E-01 

9 

1 .8A1E-01 

A 

-1 . 836E-01 

6 

-1 .827E-01 

8 

- 1 .7706-01 

12 

1 .6A8L- 01 

10 

1 . 3/ 7L-QL 

1 1 

-l . 065E-01 

A 

1 . 162E+00 

1 . 

10 

027 E * 0 0 

3 

8 . 383E-01 

2 

8 .297E-01 

22 

7 . QABE-01 

8 

- 3 . d 6 E - 0 1 

12 

2 . 16AE 01 

9 

1 , 6 2 A 6 - D 1 

11 

- 1 . 397E Ul 


10 

1 . Q15E + 00 

8 

22 

1836-01 

3 

6 08AE-01 

2 

5.8/8E-01 

12 

1 .798E-01 

8 

- 1 . 780E-01 

9 

1 , 2 386-01 

A 

-1 , 233E-01 

1 1 

-1 . 1 786-01 


2 

1 . 358 E + 00 

8 

22 

805E-01 

6 

8 . 576 E- 0 1 

3 

3. 565E-0L 

9 

1 . 517E-01 

A 

-1 . f 126-01 

12 

1 . 3526 01 

8 

- 1 . 1306 01 

1 0 

1 . 1 086-01 


7 

9 . B33E01 

8 

22 

, 09AE 01 

3 

5. 095E-0I 

2 

A .858E-01 

8 

-1 . 862E-01 

9 

1 .1 A0E-01 

A 

-1 .7566-01 

12 

1 55AE01 

1 0 

1 . 325E Ul 

M 

-1 . 00/ t-01 

1 0 

1 . 1 22t * 00 

6 

22 

. 106E-D1 

3 

5 . 183E-01 

2 

A . 952E-01 

9 

2. 552E-Q1 

A 

-2, 5A8E-01 

8 

-1 .856101 

12 

1 . 5/66-01 

11 

1 . 0226 01 


9 

1 . 1 506*00 

-1 

A 

. 1 A9E * 00 

10 

1 . 019E + 00 

3 

8 . 255E-01 

2 

8 . 1 5SE-Q 1 

22 

6 . ‘ AOE-Ol 

1 1 

-6 . 5506-01 

13 

-3 .2A6E-01 

8 

-2 962E01 


9 

1 . 1 1 2E * 00 

-1 

A 

. 1I2E + 00 

10 

1 . 005E*00 

22 

8 . 176E-01 

3 

6 . 063E-01 

2 

5 . ! A 5E- 0 1 

1 1 

3 . AB7E-01 

1 3 

-3.1 56E-01 

8 

-1 . 7 7 5 E 0 1 


9 

1 . 1 59E*00 

-1 

A 

. 1 58E»00 

10 

1 0 3 1 E* 00 

16 

-9 . 999E-01 

12 

9 .81QE-01 

3 

8 . n99E~ 0 1 

2 

8 . 5276-01 

22 

/ .2976 01 

11 

6 6026- 01 

1 3 

-3 273L 01 


a 

-4. 109E-01 


( L SENS ) END OF THIS CASE 


PROBLEM. 

14 

15 
A 

TOTA[ CPU TIME - o A 09999 S 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FiR 
TOTAL NO. OF STEPS - 

TOTAL MO. OF DERIVATIVE EVALUATIONS - 


WORK REQUIRED BY SENSITIVITY ROUTINE. 

HO. STEPS = li 

NO. FUNC. EVAL . = 15 

NO. JAC. EVAL. = 15 

TOTAL REAL SPACE USED - 2656 

TOTAL INTEGER SPACE USED =• 68 


TOTAL CPU TIME C INCLUDING I/O) REQUIRED = 2.050000 S 


(LSENS) 


READ DATA FOR NEXT CA5E 



TABLE E.2. — Continued, 
(f) Case 6 


LEMS SENSITIVITY AMD GENERAL KINETICS PROGRAM NASA LEWIS RESEARCH CENTER 

WET CO OXIDATION. YETTER ET AL, COMB & FLAME, V59, P107, 1985. CASE 6 


REACTION REACTION 

NUMBER 


I 

UHCO 

4 

UH 

> 

UCO 

4 

2 

1 *CO 

4 

UH2 

> 

UHCO 

4 

3 

1 *HCQ 

4 

UOH 

> 

UCO 

4 

A 

1 XCO 

♦ 

UH20 

> 

UHCO 

4 

5 

UHCO 

4 

UO 

> 

UCO 

4 

6 

UCO 

4 

1 XOH 

> 

UO 

4 

7 

UHCO 

4 

U02 

> 

UCO 

4 

8 

UCO 

4 

UH02 

> 

UHCO 

4 

9 

UCO 

4 

UH02 

> 

1*C02 

4 

10 

UC02 

4 

UOH 

> 

UCO 

4 

11 

UCO 

+ 

UOH 

> 

UC02 

4 

12 

UC02 

+ 

1*H 

> 

UCO 

♦ 

13 

UC02 

4 

UO 

> 

UCO 

4 

14 

UCO 

4 

1x02 

> 

UC02 

4 

15 

UH 

4 

1*02 

> 

UOH 

4 

16 

UOH 

4 

UO 

> 

I *H 

4 

1 7 

UQ 

4 

UH2 

> 

UOH 

4 

18 

UOH 

4 

UH 

> 

UO 

4 

19 

UQ 

4 

UH20 

> 

2*0H 


20 



2*0H 

> 

UO 

4 

21 

UH20 

4 

UH 

> 

UOH 

4 

22 

UOH 

4 

UH2 

> 

UH20 

4 

23 

UOH 

4 

UH202 

> 

UH20 

4 

24 

UH20 

4 

UH02 

> 

UOH 

4 

25 

UO 

4 

1 *1102 

> 

UOH 

4 

26 

UOH 

4 

U02 

> 

UO 

4 

27 

UH 

4 

UH02 

> 

2* OH 


28 



2*UH 

> 

1*H 

4 

29 

UH 

4 

U H 0 2 

> 

1 *H2 

4 

30 

UH2 

4 

U02 

> 

UH 

4 

31 

UH02 

4 

UOH 

> 

UH20 

4 

32 

UH20 

4 

1 *02 

> 

UH02 

4 

33 

U(J2 

4 

UH202 

> 

2* H02 


34 



2 *1102 

> 

1 *02 

4 

35 

1 *H02 

4 

1 *112 

> 

UH202 

4 

36 

1 *H202 

4 

Uil 

> 

1*H02 

4 

37 

M 

4 

U02 

> 

2*0 


38 



2*0 

> 

1*02 

4 

39 

M 

4 

1 *H2 

> 

2*H 


40 



2*H 

> 

1 *112 

4 

41 

M 

4 

1 *0H 

> 

UO 

4 

42 

UO 

4 

UH 

> 

UOH 

4 

43 

M 

4 

UH202 

> 

2*0H 


44 



2*0H 

> 

UH202 

4 

45 

M 

4 

UH20 

> 

1*H 

4 

46 

UH 

4 

UOH 

> 

UH20 

4 

47 

n 

4 

UHU2 

> 

UH 

4 

48 

UH 

4 

1*02 

> 

1 *1102 

4 

49 

H 

4 

UC02 

> 

UCO 

4 

50 

UCO 

4 

UO 

> 

1*C02 

4 

51 

M 

4 

UHCO 

> 

UH 

4 

52 

UH 

4 

UCO 

> 

UHCO 

4 



REACTION 

A 

RATE VARIABLES 
N 

ACTIVATION 

1 *H2 

2.00000E41A 

0 . 0000 

ENERGY 
0 .00 

1 *H 

l . 71600E-0J 

0 .0000 

0 . 00 

UH20 

1 00000E4U 

0 .0000 

0 . 00 

UOH 

3 6560QE-06 

0 . 0000 

0 00 

UOH 

3.01200EH3 

0 . 0000 

0 00 

UHCO 

2.86700E-0A 

0 . 0000 

0 . 00 

UH02 

3. 0 1 500E+ 1 2 

0 0000 

0 .00 

U02 

2 . 59000E* 06 

0 . 0000 

0 00 

UOH 

3.08A00E*O9 

0 . 0000 

0.00 

UHD2 

1 .77/00E-02 

0 . 0000 

0.00 

1*H 

1 .921 00E*11 

0.0000 

0 . 00 

UOH 

7 .89000E408 

0 0000 

0.00 

U02 

A . A3A00E4Q2 

0 . 0000 

0.00 

UO 

8 . A9200E402 

0 . 0000 

0 .00 

1 *0 

1 . 12600E411 

0.0000 

0 . 00 

1 *02 

1 .38500E413 

0 . 0000 

0 . 00 

1 *H 

3. 38500E4 1 1 

0 . 0000 

0 . 00 

UH2 

3.83100E411 

0 . 0000 

0 . 00 

1 . 6 5000EHO 

0.0000 

0 . 00 

1 *H20 

A . 108000 12 

0 . 0000 

0 . 00 

UH2 

7 . 7 0900C ♦ 09 

0 . 0000 

0 . 00 

I *H 

1 83700E412 

0 . 0000 

0 . 00 

UH02 

3 . 6 3200E 4 1 2 

0.0000 

0.00 

UHZ02 

7 . 1 07 OOE * 06 

0 . 0000 

0 . 00 

1*02 

2 . 16800E* 1 3 

0 . DODO 

0.00 

1*H02 

2 . A7 500E* 02 

0 .0000 

0 . 00 

1 . 12600EI 1A 

0.0000 

0 .00 

1 »H02 

1 . 38500E405 

0.0000 

0 . 00 

U02 

2. 50600E413 

0 . 0000 

0 .00 

1 *1102 

2 . A8700E + 02 

0 .0000 

0 . 00 

1*02 

1 . 3 1 30 0 E 4 L 3 

0 . 0000 

0 . 00 

UOH 

5 . 52900E-01 

0 . 0000 

0 . 00 

1 . 3A90 OE 4 05 

0 . 0000 

0 . 00 

1 XH202 

6 . 32A00EI 12 

0 . 0000 

0 00 

UH 

1 , A0300E408 

0 . 0000 

0 00 

1 *H2 

3.05A00EU1 

0 . 0000 

0 . 00 

2 . 0 300 0 E -08 

0 . 0000 

o oo 

M 

1 . 86 1 0 0 E * 1 A 

0 0000 

0 00 


1 85000E-05 

0 . 0000 

o . oo 

M 

3 . 00DD0E4] 5 

0 . 0000 

0 . 00 

UH 

1 .80700E-OA 

0 . 0000 

0 00 

M 

1 . Q0100E416 

0 . 0000 

0 . 00 

1 . 09000E t OB 

0 . 0000 

0 .00 

M 

9.25100EU5 

0 . oouo 

0 .00 

UOH 

3.01200E-05 

0.0000 

0 . 00 

M 

1 . 1 5700EH7 

0 . ouoo 

0 . 00 

1*02 

1 . 7 5 300E 4 06 

0 . 0000 

0 . 00 

M 

2 .60500E 415 

0 . 0000 

0 00 

UO 

3.23AO0EO8 

0 - 0000 

0 . 00 

M 

9 . 06 900E 4 1 A 

0 . 0000 

0 . 00 

UCO 

2.7770QEU0 

0 0000 

0 00 

M 

3 . 21 QQOEUA 

0 . 0000 

0 . 00 


ALL THIRD BODY RATIOS ARE 1.0 
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TABLE E.2. — Continued. 
(0 Continued. 


MM INITIAL CONDITIONS ** 


TIME 0 . QQQQ0E4Q0 SEC 


AREA 0 . 0000 0 E*QQ SQ CM 


AXIAL POSITION 0 . OOOOOEtOO CM 


FLOW PROPERTIES INltGKATIOM INDICATORS 


PRESSURE 

1 . OOOOO 

STEPS FROM LAS! PRINT 

0 

(ATM) 

VELOCITY 

0 . 00 

AVERAGE STEP SUE 

0 . OOUQQEtUO 

(CM'SEC) 

DENSITY 

3 . 1 QA86E-0A 

ME I HUD ORDER 

0 

(G/CMMM5) 

TEMPERATURE 

1100.00 



(DEG K) 

MASS FLOH RATE 

0 OOOOOE+QU 

TUIAL NUMBER OF SIEPS 

0 

(G/SEC) 

ENTROPY 

1 .9901 

FUNCT EVALUATIONS 

0 

(CAl/G/DEG K) 
MACH NUMBER 

0 . 0000 

JACOBIAN EVALUATIONS 

0 

GAMMA 

13319 



ENTHALPY 

1 .89A67E + 02 



(CAl /U) 

SP. HEAT (CP) 

2. 8A56AE-01 




(CAL/O/DEG K) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 
( MUL E5/CM* » 3 ) 

MOLE FRACTION 

HCO 

0 . OOOOO E <00 

0 . OOOOOE* 00 

H 

0 . OOOOOE tOO 

0 . OOOOOEtOO 

CO 

2 . 21578E 08 

2 . OGOGOE-03 

H2 

0 . OOOOOL t 00 

0 . OOOOOE* OU 

UH 

0 . OOOOOE* 00 

0. OOOOOEtOO 

H20 

1 . 10789E07 

1 . OOOOOE - 02 

u 

0 . OOOOOE+OO 

0 OOOOOEtOO 

02 

3 . 1 0209E-07 

2 . 8 0 0 0 0 E 02 

H02 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

C 02 

0. OOOOOEtOO 

D . OOOOOL *00 

H202 

0 . OOOOOE* 00 

0. OOOOOE* 00 

M2 

l . 06358E-O5 

9 . 60UUUC-01 


NET SPECIES PRODUCTION REACTION 
RATE (M0LE/CMMM3/SEC) NUMBER 


8 9 7 4 9 1 E~2 1 1 

3.697G0E-17 2 

-5 83703E-12 3 

o.oqooq£*qo a 

1.90389E~14 5 

-1.9Q389E-14 6 

5.83703E-12 7 

-5.85603E-12 8 

1.900Z0E-14 9 

5 . 8 37 0 3E' 1 2 JO 

0 . OOOOOEtOO 11 

V211I3E'll 12 


1 3 
1 A 

1 5 
16 

17 

18 

19 

20 
21 
22 
23 

2 A 
25 


RATE CONST NET 

CGS UNITS (MO 

2 , 000UE* 14 
l 7 160E 05 
1 QO0OEH4 
J.6560E Ot. 

3 . 0120E*1 3 
2.8670E0A 
3.0150EU2 
2 . 59 OOL * 06 

3 . 08 40L * 09 
1 . 777UE- 02 
1 . 921 TIE * 1 1 

7 , 8 9 0 U E * OB 
A A3AQE 102 

8 . 4920E * 02 
1 . 1260EH l 
1 . 3850E*1 3 
3 . 38 50E ♦ 1 l 
3.8310L* 1 1 
1 . 6 5 0 0 1 «1 0 
A . 1 08 OE* ) 2 
/ . 7 0 9 G E * 0 9 
1 . 8 37QE*t2 
3 6320EUZ 
7 . 1 0 7 OE * 06 
2 . 1 68 OF * 1 3 


Kt AL I ION C 1)119 KA I b 
E -CM* * 3/GM *2/ SEC ) 

0 OOOOOT t 00 
0 . OOOOOEtOO 
U . OOOOOL * 00 
9 . 3 0 9 9 0 E - 1 A 
0 . 0 U 0 0 0 i i 0 0 

oooooo i: i u o 

0 . OOOOOL I 00 
o o o o n o f i o o 
0 . OOOOOL I 0 0 
0 OOOOOL I 00 
o . oouooi. i no 
0 OOOOOL I 0 0 
0 . OOOOOE * 00 
6 05A90F 05 
0 . OOOOOL t 00 

n . oooool * oo 

o . uuuuoi * oo 

0 . OOOOOL I 00 
0 OOOOOT t 00 
0 OOOOOL too 
0 . OOOOOL t 00 
0 . OOOOOL I 00 
U . UUOUUEt OU 
0 . OOOOOL * oo 
0. OOOOOL* UD 


NET KA I EXPOSI- 
TIVE DIR RAIL 
1)0 IJ 0 0 0 
OOOOOO 
0 00000 
1 . 00000 
0 00000 
U 00000 
0 00000 
0 .00000 
0 00000 
0 . 00000 
oooooo 
0 . 00000 
0 . 00000 
1 . ooooo 
u . ooooo 
n no ooo 
0 ooooo 
0 ooooo 
0 . ooooo 
0.00000 
n . uouno 

0 Oil 0 0 0 
0 OGUOO 
0 OUUGO 

o uonoo 


26 

2. 4750 E *02 

0 . OOOOOE* 00 

27 

1 . I260L* 14 

0. OOOOOE *00 

28 

1 . 3850E* 05 

O.UOOOOl 1 0 0 

29 

2 . 506 OE * 1 3 

0 . OOOOOE* 00 

30 

2 .4870E+02 

0 OOOOOEtOO 

31 

1 . 31301*13 

0 OOOOOT I UO 

32 

5. 5290E-01 

1 . 9/1 12E o; 

33 

1 . 3490E*05 

Q. OOOOOE >00 

34 

6 . 3240E* 12 

0 . OOOOOEtOO 

35 

1 . 4050E* 08 

0 . OOOOOEtOO 

36 

3 . 0 5 4 0 E * 1 1 

0 . OOOOOE* 00 

37 

2 . 0300E-08 

7 . 23707 E~ 13 

38 

1 .S610E+14 

0 OOOOOEtOO 

39 

1 .8500E-05 

0 OOOOOL < 00 

40 

3 . UOOOE * 1 5 

0 . OOOOOE t 00 

41 

1 . 8 0 7 0 E D4 

0 . OOOOOE i 00 

42 

100) UK* 16 

o . oooooe i on 

43 

1 . 0900L* 08 

0. OOOOOEtOO 

44 

9 . 251GE + 15 

0 OOOOOEtOO 

45 

3. Q120E-05 

3 8 3498 E l 0 

46 

1 . 1 570EU7 

0 . OOOOOEtOO 

47 

1 . ?530E*06 

0 . OOOOOEtOO 

48 

2 6050E* 1 5 

0 . OOOOOEt 00 

49 

3 . 2340E-08 

0 OOOOOEtOO 

50 

9 . 06 9 0 E * 1 4 

0 . OOOOOE* 00 

51 

2.7 7 7 0EUQ 

0 . GUOOOE. * 00 

52 

3.210QEU4 

0 . OOOOOEtOO 


0 . ooooo 
0.00000 
U . 0 U U 0 0 
000000 
0 ooooo 
0 ooooo 
] ooooo 
0 ooooo 
0 . ooooo 
0 ooooo 
D OOOOO 
l . ooooo 
oooooo 
0 ooooo 
0 . ooooo 
0 ooooo 
0 . ooooo 
0 . ooooo 

0 . ooooo 

1 ooooo 
0 ooooo 
0 . ooooo 
0 . ooooo 
0.00000 
0.00000 
0 OGUOO 
0 . ououu 


DERIVATIVES ( CGS UNlTS)i T 
MIXTURE MOLECULAR HEIGHT 


0 . OOOOOEtOO 


0.000)06*00 


TOTAL ENERGY EXCHANGE RATE 
(CAL-CMMM3XGMM2/SEC) 


A.7575AE-G1 


MASS FKACUON SUM 1.01)000000 


CPU TIME LOR 


INITIALIZATION OF LSENS 


T. 1 50001 S 
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TABLE E.2. — Continued. 
(0 Continued. 


TIME 1 . 00000E+Q2 SEC AREA O.OO0DOE*OO SQ CM AXIAL POSITION O.OUOOOE*QQ CM 


FLOW PROPERTIES INTEGRATION INDICATORS 


PRESSURE 

0.99900 

STEPS FROM LAST PRINT 

98 

(ATM) 

VELOCITY 

0.00 

AVERAGE STEP SIZE 

O.ll 394E ♦ 0 1 

(CM/ SEC) 
DENSITY 

3. 10486E-04 

METHOD ORDER 

2 

(G/CM**3) 

T EMPERATURE 

1100 . 00 



(DEG K> 

MASS FLOW RATE 

0 . 00QQGE t 00 

TOTAL NUMBER OF STEPS 

163 

(G/SEC) 

ENTROPY 

1 9884 

FUNCT EVALUATIONS 

233 

( CAL /G/ DEG K) 
MACH NUMBER 

0 . 0000 

JACOBIAN EVALUATIONS 

31 

GAMMA 

1 3313 



ENTHALPY 

1 . 846 54E+02 



(CAl/G) 

SP. HEAT (CP) 

2.846 J3E-QI 




(CAL/G/DtG K) 


CHEMICAL PROPERTIES 


SPECIES 

CONCEIT 1 RA 1 1 ON 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CUNV RATE 

NET RATE/POSI- 


(MOl ES/CM* * 3 ) 


RA I E (MOl E/CMK»3/SEC) 

NUMBER 

CGS UNITS 

<MOLE-CM«*3/Gk*2/SEC) 

T1VE DIR RATE 

MCI) 

1 40292b*- 50 

1 26756L-25 

8 . 48901E-50 

l 

2 . UUOOL > 1 4 

6.758911 ?/ 

1 . 00000 

H 

2.32220E 18 

2.G9816E-13 

1 . 09046 E- 1 9 

2 

1 .71606-03 

2. 1 97 0 /E-27 

1 . 00000 

CD 

1 . 55444 E - 1 6 

1 . 40446E - 1 1 

-3 . 18356E-21 

3 

1 . 0000EH4 

1 .978866-21 

1 00000 

H2 

7 . 94052E-16 

7 . 17423E-1 1 

-9. 52088E-21 

4 

3.6560E-06 

6 . 531 13E-22 

1 . 00000 

OH 

1 . 55978E-12 

1 . 228 59 E - 0 7 

-1 .753556-17 

5 

3.0120EH J 

1 82135E-24 

1 00000 

H2U 

1 . 1 0788E07 

1 . 00099E-02 

8 .60489E-18 

6 

2.8670E-04 

6 .286136-25 

1 . 00000 

0 

4. 1551 5E -15 

3. 75426E-10 

4 . 99908E-18 

7 

3.0150E+12 

1 . 31248E-] 7 

1 00000 

02 

2 . 991 30E-07 

2.70270E- 02 

1 . 8 54 1 2E- 1 8 

8 

2 . 59 0 0 E * 0 6 

4 . 29593E18 

1 00000 

H02 

1 . 02866E- 1 5 

9 29411E-11 

-1 . 56016E-20 

9 

3 . 084QE * 09 

5. 1 1531E-1 5 

1 .00000 

C02 

2 . 21578E-08 

2. 00200E-05 

3 . 1S356E-21 

10 

1 7770E-02 

5. 55389E1 5 

1 00000 

H202 

1 . 56956E 16 

1 41813E-11 

1 . 256 57 E- 1 9 

1 1 

1 . 9210EU1 

4.211 95E- 1 0 

) 00000 

N2 

1 . 06358E05 

9 . 60961E-01 

5 .21 1 13E-11 

12 

7 .8900 E -*08 

4 . 21133 E -10 

1 . 00000 





13 

4 , 4 3406*02 

4 . 2347 l E 1 3 

1 00000 





14 

8.4920E1G2 

4.09598013 

1 00000 





15 

1 . 1 26 0 E t 1 1 

8.11 36 OE - 07 

1 00000 





16 

1 . 385GE* 1 3 

8 . 1 L744E07 

1 . 00000 

“ 




17 

3 . 3850EI 1 l 

1 . 1 5850E 1 1 

1 . 00000 





18 

3.83106*11 

1 . 25486E-1 1 

1 00000 





19 

1 . 6 500EH0 

7 .8791 5E 05 

1 . 00000 





20 

4 . 1080E* 12 

7 .879196 05 

1 00000 





21 

7 . 7090E*09 

2 . 05/35E-08 

1 00000 





22 

1 .83706*12 

2, 05745E 08 

1 00000 





23 

3.6 32«m2 

8 . 04095L-09 

1 . 00000 





24 

7 . 1070E 106 

8 . 40167L- 09 

1 .00000 





25 

2 . 1680EH 3 

9 . 6 1237E 10 

1 . 00000 





26 

2 . 47 50E t 02 

1 . 04428F-09 

1 00000 





27 

1 1260EU4 

2. /9U12L 12 

1 . 00000 





28 

1 . 38506*05 

2 . 6 5644E- 1 2 

1 .00000 





29 

2. 5060EU3 

6 , 20964E- 1 3 

1 .00000 





30 

2.4870E* 02 

6 . 1 27 58E-1 3 

1 .00000 





31 

1 . 31 30 E* 1 3 

1 . 9051 0E-07 

1.00000 





32 

5.5290E-01 

1 .90071E-07 

1 .00000 





33 

1 . 3490E+05 

6 . 57000E-11 

1.00000 





34 

6 . 3240E+ 1 2 

6 ■ 9414QE-1 1 

1 . 00000 





35 

1 .40306*08 

1 . 18B72E-15 

1 . 00000 





36 

3 . 0540E+ 1 1 

1 . 15468E-1 5 

1 . 00000 





37 

2 . 0300E-08 

6 . 97162E-1 3 

1 . 00000 





38 

1 8610E*14 

3.68890E-13 

1 . 00000 





39 

1 .85006-05 

1 .68650E-18 

1 . 00000 





40 

3 . OOOOE ♦ 1 5 

1. 857376-18 

i . ooooo 





41 

1 807GE-04 

2.82100E-14 

1 ooooo 





42 

1 , 001 0E*16 

1 . 10891E-14 

1 . ooooo 





43 

1 . 0900EF08 

1 .964196-06 

1 . ooooo 





44 

9.2510EH5 

1 . 96382E-06 

1 ooooo 





45 

3.0120E-05 

3.83113E-10 

1 ooooo 





46 

1 .15706*17 

4 . 1 9449E - 1 1 

1 . ooooo 





47 

1 .75306*06 

2.07028E07 

1 ooooo 





48 

2.6050EM5 

2.07752E07 

l . ooooo 





49 

3 . 23406-08 

8 . 22705E-14 

1 . ooooo 





50 

9.0690E*14 

6 . 7 2506 E~ 1 4 

1 . ooooo 





51 

2 . 7770CU0 

4.47286E- 18 

1 ooooo 





52 

3.21006*14 

1 . 33032E17 

1 .00000 


DERIVATIVES (CGS UNITS)! T O.OOOOOE*QQ RHO Q.QOOOQE+OQ 

MIXTURE MOLECULAR HEIGHT 26.05505 TOTAL ENERGY EXCHANGE RATE -3.89288E-06 MASS FRACTION SUM 1.00000000 

(CAL -CM**3/GX*2/SEC) 


COMPUTER TIME (CPU) REQUIRED. FUR THIS STEP - 5 . 450001 E* DO S UP TO THIS TIME - 1.033000t*01 S 
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TABLE E.2. — Continued. 
(0 Concluded. 


***** SENSITIVITY CAlCUl AT I ONS ***** 

TIME = .000000*02 

SENSITIVITY COEFFICIENTS OF 0-ORDER "IME DERIVATIVE OF DEPENDENT VARIABLES 


XKXX SENSITIVITY TO INITIAL CONDITIONS **** 

DZ( I )/ DY2ER0C J )XF(J)/Z(I)» WHERE Z < 1 > = O-ORDER TIME JERIV . OF Y(I>, I=C01UMN, J=R0W 

F<J)= YZERO(J) FOR YZERQ(J) NOT EQUAL TO 0 
= 1 . 0E-9/C INITIAL MNT) FOR YZEROCJ) = 0 


PARAMETER CO H2 

HCD 5.251D-02 5.6300-03 
H 9.579D-03 2.697D-03 
OH 2.355D-03 2.609D-03 
0 1 . 695D-03 -2.698D-03 
HQ2 -1.255D-03 5.517D-0S 
H202 1 . 232D-03 7.597D-03 


TIME = 1 . OQQQOE *02 


xxx REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF Y( I ) URT PKEEXPONLN 1 1 AL CONSTANTS 


VARIABLE 


REACTION NUMBER 

NORMALIZED SENSITIVITY COEFFICIENT 


1 1 

12 

16 

1 5 

20 


19 

31 

32 

98 

9 7 

-9 . 989E-01 

9 .988E-01 

5. 1Z1E-01 

-5 . 119E-01 

5 . 1 09E-QI 

-5. 

1O9E-01 

-9 963E-01 

9 .999E-01 

-9 . 867t 01 

9 897E-01 

29 

1 . A26E-02 

23 

-1 . 366 E -02 

93 

1 . 360E-02 

99 

-1 . 359E-02 

26 

2 .727E-03 

-2. 

25 

! llE-03 

9 5 

1 . 8 99 E - 0 3 

1 3 

1 . 005E-03 

19 

-9 . 71 7E-09 

96 

-2. 077E-09 

99 

1 955E-09 

50 

-I . 598E09 

39 

-6 . 289E-05 

33 

5 . 96 3E-05 

1 0 

1 . 319E-05 

-1 . 

9 

i 13E-Q5 

27 

-8 .980E-06 

28 

8 . 6 19E-Q6 

37 

3. Q12E-06 

22 

-2 8 38 E - 06 

21 

2.762E-U6 

29 

-1 . 6 26 E - 06 

38 

-1 . 59 7 E- 06 

30 

1 . 596E-06 

91 

1 . 39 7 E-07 

8 . 

18 

; 08 E- 08 

1/ 

-7 . 933E-U8 

9 2 

- 5 .693L- 08 

36 

-2 069 t- 09 

35 

2 . U22E09 

52 

-l . 972E-09 

51 

9 . 8 9 l E- 1 0 

7 

-9.622E-10 

90 

-6 .291E-11 

3 

-2. 199E-1 1 

8 . 

39 

J 92E- 12 

8 

9 . 922E - 12 

1 

-9G90E-12 

5 

1 . 26 1 L 1 2 

9 

2. 1 1 7E-15 

6 

2 . 07 IE-18 

2 

9 892E-21 










22 

21 

16 

15 

20 


19 

31 

32 

98 

9 7 

- 9 . 999E-Q1 

9 . 999E-01 

5 . 1 31E-01 

-5 . 129E-01 

5. 101E-01 

-5 

0 1 E - 0 l 

-9 , 966E 01 

9 953E- 01 

-9.868E01 

9 850E 01 

29 

1 . 926 E - 02 

23 

-1 . 365E-02 

93 

1 . 359E-02 

99 

-1 . 35VE-Q2 

26 

2 . 728E- 0 3 

-2 

25 

. 12E-03 

95 

1 8 9 6 E OS 

18 

6 . 096 L 09 

1 7 

-5.628EU9 

96 

-2.0/6L- 09 

39 

-6 . 519E-05 

1 1 

-6 163E 05 

35 

5 979E-05 

29 

2.855E-05 

30 

-2 .8 17E-05 

-9 

27 

. 05E-06 

28 

8 . 6 2 1 E 06 

3/ 

3 . 01 3E 06 

58 

-1 . 596 L: - 06 

99 

9 . 079E- 0/ 

SO 

-5.636E-07 

19 

-2. 775E07 

13 

2.67 JE-07 

12 

-2 . 5 I 1 E - 0 7 

91 

1 . 398 E- 07 

-5 

35 

. 7 3 E - 0 8 

36 

5. 920E-U8 

9 2 

-5.909L 08 

9 

-2.6011-08 

111 

1 fcOltOh 

52 

l . 298E ~09 

51 

-3. 190E-10 

7 

3.005E-10 

90 

1 . 1 7 9 £ - 1 0 

39 

-7.357E-11 

1 

3 

. *7 IE- 1 1 

1 

2 . 7 7 5 E - 1 2 

8 

1 31 5E 12 

5 

8 6621 1 3 

9 

2 . 09 OE - 1 5 


6 2 
2 . 029E- 1 8 -1.012E-19 


( L SINS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEMi 

TOTAL NO OF STEPS - 183 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 233 

1 U F A L HO. OF JACOBIAN EVALUATIONS - 31 

TOTAL CPU TIME - 10 . J30002 S 


WORK REQUIRED BY SENSITIVITY ROUTINE. 


NO. STEPS = 


183 


NO. FUNC. EVAL 

. = 

183 


NO. JAC. EVAL. 

= 

183 


TUI AL REAL 

SPACE 

USED = 

921 9 

TOTAL INTEGER 

SPACE 

USED = 

i 2 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 12.290001 S 


C L SENS ) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(g) Case 7 


** DATA LINES *< 

1 2 3 <♦ 5 6 7 8 

CC 1 234 5678 9 01 234 56749 012345678901 23456 78901234567890123456 7890 123*56 7890 1 254 56 7890 


SIMPLE NON I SOTHERMAL TEST CASE R>P 

NEW 

DUMR > DUMP 

- BLANK LINE - 

- BLANK LINE - 

TIME PRESSURE 

Aprob peon 1 . true, , sene a 1 = . t r ue . . senstd 2 . true . , 
print 2 1 .0E-06,1.0£-04,1.0E-02, Sand 
Astart tMOQQ.Q, p-1.0, Aond 
DUMR 1.00 

END 

Asolver emax-l.OE-3, a to l sp= 1 . 0E- 1 2 » Send 
I NIT 

ALL END 

SENSVAR 

ALL END 

REAC 

Asonrxn Sanaa j * . t rue . , sansn J * . true . , sense j e . t rue . , 
A end 
FINIS 


I .0 1.0 


ell rxn* . true . . 


CASE 7 
0 . 0 


** INITIAL CONDITIONS X* 


TIME 0.00000E400 SEC 


AREA 0 . 00OQ0E+ 00 SO CM 


AXIAL POSITION O.OOOOOttQO CM 


FLOW PROPERTIES 
PRESSURE 

) . 00000 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 

0 

(ATM) 

VELOCITY 

0 . 00 

AVERAGE STEP SIZE 

0 . QQOQOE* QO 

(CM/ SEC ) 
DENSITY 

1 .2186BE-05 

METHOD ORDER 

0 

( U/CM* *3 ) 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 

1 000. 00 
0 . OOOQOE + OO 

TOTAL NUMBER DF STEPS 

0 

(G/SEC) 

ENTROPY 

34 . 5388 

FUNCT EVALUATIONS 

0 

(CAL/G/DEG K) 
MACH NUMBER 

0 . 0000 

JACOBIAN EVALUATIONS 

0 

GAMMA 

1 .6596 




ENTHAIPY 5 OOOUOC+ 0 3 

CCAL/G) 

SP. HEAT (CP) S.OQGQQEtOO 

(CAL/G/DEO K) 


CHEMICAL PROPERTIES 


SPECIES 

DUMR 

DUMP 


CONCENTRATION 
(MOLES/ CM** 3) 
1 .21868E-Q5 
0 . 00Q00E 1 00 


MOLE FRACTION 

I . OOOOOE + OO 
0 . 00000E i 00 


NET SPECIES PRODUCTION 
RATE (MOL E/CM*«3/SEC) 
-1 , 21868E-02 
I .21868E-02 


REACTION RATE CONST 

NUMBER CGS UNITS 

1 1.000QE+03 


NET REACTION CONV KATE 
(MOLE-CMM»3/Gin«2/SEC ) 

8 . 20560E* 07 


NET RAT E/POS 1 - 
TIVE DIR RATE 
1 . U0000 


DERIVATIVES (CGS UNITS). T 


1 . 0QQ00E+O6 RHO 


-1 . 2 1 868E-02 


MIXTURE MOLECULAR HEIGHT 


1.00000 TOTAL ENERGY EXCHANGE RATE -4.1G280EU1 

<CAL-CM**3/G**Z/SEC) 


MASS FRACTION SUM l.UOOOOODO 


CPU TIME FOR INITIALIZATION OF L SENS 


0. 359999 S 
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TABLE E. 2 . — Continued, 
(g) Continued. 


i.oooooe-02 sec 


O.OOOOOE*OQ jQ CM 


AXIAL POS It 1 UN 0 UUOUQL+OU CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
( G/CM**S) 
TEMPERATURE 
(DEG K ) 

MASS HOU RALE 
(G/SLC) 
ENTROPY 
(CAL/O/DEO K) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/O) 

SP. HEAT (CP) 

( CAL /G/ DEG K) 


1 .00000 
0 . 00 

6 . O9892E-06 
2000 . 00 
0 . OOOOOE+OO 
18 . 0095 
0 . 0000 
1 6596 
5 . 0QD00E+Q3 
5 . QU000E+00 


INTEGRATION INDICATORS 
STEPS FROM LAS1 PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 

TOTAL NUMBER OF STEPS 
FUMCr EVALUATIONS 
JACOBIAN EVALUATIONS 


69 

0 . 19591E-01 


89 

101 

11 


CHEMICAL PROPERTIES 


SPECIES 

DUMR 

DUMP 


CONCENTRATION 
( MOL E S/CM* » 5 ) 
2. 97386E-19 
6 . 09B92E-06 


MOLE FRACTION 

9 . 05656E-09 
1 . 00000E * 00 


NET SPECIES PRODUCTION 
RATE (MOL £/CM*n3/SEC) 
-9 .9977 JE-1I 
9.997 7 IE - 1 1 


REACTION RATE CONST 

NUMBER COS UNITS 

1 2 . 00OOE * 0 3 


NE I REACTION CONV RATE 
( MO l E CM»*J/G**2/St:C> 

1 .350561 » 00 


DERIVATIVES (CGS UNITS) » T 8.I1312E-03 RHO -2.973B6E-U 

MIXTURE MOLECULAR HEIGHT 1. 00000 1QTAL ENERGY EXCHANGE RATE -6.651B2E+D3 

(CAL -CM**5/G*«2/SEC) 


MASS FRACTION SUM 


NET RAIE/POSI • 
TIVE DIR RATE 
L . 00000 


oooooouo 


COMPUTER TIME (CPU) REQUIRED ■ FOR THIS STEP - 3 199997E-01 S 


UP TO THIS TIME - 9.000U15EU1 S 


***** SENSITIVITY CALCULATIONS X**** 

TIME = 1 .000000-02 

SENSITIVITY COEFFICIENTS OF OORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


SENSITIVITY TO INITIAL CONDITIONS **** 

DZ( I )/DYZERO( J MFC J )/Z( 1 > > WHERE Z(I)= O-ORDER T I Ml UERIV. OF Yd), 1-COtUMN, J-ROII 

F ( J ) = YZERO(J) FGF YZERO(J) NOT EQUAL TO 0 
= I.0E-9/UNI IAL MW!) FOR YZERO(J) ^ 0 


PARAMETER 

DUMR 

DUMP 

TEMP 

DENSITY 

DUMR 

1 . 002DFOO 

1 . 000D + 00 

-2 . 9 52D-05 

2 . 976D-05 

DUMP 

9 . 553D-09 

1 . 000D-Q9 

-5. 0000-05 

9 . 990D-05 

TEMP 

-1 . 059D*01 

9.275D-08 

5.000D-01 

9 . 985D-01 

DENSITY 

0 .00 0 0+ 00 

0 . 000D+ 00 

0 . 0000*00 

1 . OOOD+OO 


x * * X NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPONENTIAL CONSTANTS XX** 

DZ( l )/DA( J )*A( J )/Z< 1 ) WHERE Z(I)= O-ORDER TIME DERIV. OF Y(I), I=C0LUMN, J-ROW 


REAC NUM 

DUMR 

DUMP 

TEMP 

DENSITY 

1 

-2 . 009 D * 0 1 

8 . L50D-08 

9 . Q75D-08 

-9 . 5200- O' 


XMXM NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE TEMPERATURE EXPONENTS xxxx 

DZ< I )/DN< J)/IZ( I )«LN( TO) J WHERE Z(I)- O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J = ROH 

REAC NUM DUMR DUMP TEMP DENSITY 

I -2.1990*01 B.9Z0D-0B 9.960D08 -3.899D-09 


**** NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE ACIIVAUON ENERGIES ***- 

DZ( I )/DE( J)Xt-Rxl Q/U I ) J , WHERE Zll) = O-ORDET TIME DERIV. OF Y(I), I -COLUMN, J-ROW 


REAC NUM 

DUMR 

DUMP 

T EMP 

DENSITY 

1 

-] . 059DM)1 

9.2/50-08 

2 . M8D-U8 

-7 . 995 D- 09 
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TABLE E.2. — Continued, 
(g) Concluded. 


***** SENSITIVITY CALCULATIONS ***** 

TIME = 1 . 00000 D- 02 

SENSITIVITY COEFFICIENTS Oh 1 -ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


**** SENSITIVITY TO INITIAL CONDITIONS **** 


DZd)/DYZERQ< J)*F< J)/Z(I>, WHERE Zd> = 1 ORDER TIME DERIV. OF Yd), I-COLUMN, 

F(J)= YZERO(J) FOR YZERO(J) HOT EQUAL TO 0 
= 1 . 0E-9/( INITIAL MUD FOR YZEROU) = 0 


PARAM.ETLR 

DUMR 

DUMP 

TEMP 

DENSITY 


DUMR 

1 . 00Z D * 00 
9 . Q57D-09 
-I . 002D* 01 
0 . 0000*00 


DUMP 

I . l)02D*0G 
9 .0 57 0-09 
- 1 . 0020*01 
0 , 0 0 0 D ♦ 00 


TEMP 

1 .6550-05 
8 . 057D-09 
-1 . 0 0 2 D * 0 1 
0 . 0 0 0 D * 0 0 


DENSITY 

1 . 6990-05 
9 . 056D-09 
- 1 . 002D * 0 L 
I . 0 0 0 D* 00 


**** NORMALIZED SENSITIVITY COEFFICIENTS U.R.T THE PH E EXPONENT I AL CONSTANTS **** 

DZ(I)/DA(J)#A(J)/Z( I) WHERE Zd> = 1 -ORDER TIME DERIV. OF Y(I), I=COLUMN, J^ROW 

REAC NUM DUMR DUMP TEMP DENSITY 

1 -1.906D*0l -1.9060*01 -1.9060*01 -1.9060*01 


**** NORMALIZED SENSITIVITY COEFFICIENTS W.R.T THE TEMPERATURE EXPONENTS ***** 

DZ(I)/DN( J)/[Z( I )*LN( TO) 1 WHERE Z< I >= 1-ORDER TIME DERIV. OF Yd), I=C01UMN, J = R0H 

REAC NUM DUMR DUMP TEMP DENSITY 

I -2.086D+Q1 -2 . 086D+01 -2.086D+01 -2. 0860*01 


x x x * 


NORMA L I Zt D SbNSl T 1 V 1 1 Y COEFFICIENTS U.R.T 
DZ( I)/DE( J)*l-R*T0/Z(I )), UHERE Zd) = 


THE ACTIVATION ENERGIES **** 
1-ORDER TIME DERIV. OF Yd), 


I =COL UMN , 


J - RON 


REAC NUM DUMR DUMP TEMP DENSITY 

1 - 1 . 0020*01 - 1 . 0020*01 - 1 . 0020*01 - 1 . 0020+01 


( L SENS ) END OF THIS CASE 


SUMMARY OF CUMPU 1 A T 1 OMAL WORK. REQUIRED FOR PROBLEM. 

TOTAL HO. OF STEPS - 89 

1DIAL NO. OF DERIVATIVE EVALUATIONS - 101 

10TAL NO. OF JACOBIAN EVALUATIONS - 15 

TOTAL CPU TIME - 0.900002 S 


WORK REQUIRtO BY SENSITIVITY ROUTINE. 

NO. STEPS = 89 

NO. FUNC. EVAL . = 49 

NO. JAC. EVAL. - 89 

TOTAL REAL SPACE USED = 269 

1 U I A L INTEGER SPACE USLD = 98 


TOTAL CPU 


TIME (INCLUDING I/O) REQUIRED 


0.980000 S 


< L SENS ) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(h) Case 8 


TIME-PRESSURE VERSION 
HYDROGEN 


LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM 
COMBUSTION IN STANDARD AIR AT 5.10 ATM. 


NASA LEWIS RESEARCH CENTER 
CASE 8 


REACTION REACTION 

NUMBER 


1 

l*CO 

* 

1 H 0 

* 

1 *C02 

4 

2 

UCO 

♦ 

1*02 


1*C02 

4 

3 

UCO 

♦ 

UOH 

= 

UCOZ 

4 

A 

UCO 

4 

UHQ2 

= 

1*C02 

4 

5 

1 *0 

■4 

UH2Q 

S 

2*OH 


6 

1 *H 

♦ 

1*02 

= 

UOH 

4 

7 

1 HO 

4 

UH2 

= 

UOH 

4 

6 

1 hH 

* 

UFI02 

= 

1*H2 

4 

9 

1*0 

4 

UH02 

- 

UQH 

4 

10 

1*H02 

* 

UOH 

~ 

UH20 

4 

1 1 

1*H 

+ 

UH02 

C 

2*OH 


12 

l*H2 

+ 

UH02 

- 

UH202 

4 

1 3 

1 *OH 

4 

UH202 

a 

UH20 

4 

19 



2*N02 

a 

UH202 

4 

IS 

1 *H 

4 

UH2D2 

= 

UOH 

4 

16 

M 

♦ 

1*11202 

a 

2*0H 


17 

1 *H2 

♦ 

UOH 

- 

1 *H20 

4 

ia 

UH 

4 

U02 

a 

1*H02 

4 

19 

M 

4 

UH20 

- 

1*H 

4 

20 

1 *H 

4 

1 *Q 

= 

UOH 

4 

21 

M 

4 

UH2 

= 

2*H 


22 

M 

4 

1*02 

- 

2*0 


23 

1 * H02 

+ 

UNO 


1*N02 

4 

29 

1*0 

4 

1 *N02 

- 

UNO 

4 

25 

1 *NO 

f 

UO 

= 

1*N02 

4 

26 

1 *N02 

4 

UH 

- 

UNO 

4 

27 

UNO 

+ 

UO 

- 

1*N 

4 

2S 

1*0 

♦ 

UN2 

- 

UNO 

4 

29 

UNO 

4 

1*H 

- 

UN 

4 

30 

M 

4 

UN 20 

- 

1*N2 

4 

31 

UO 

4 

] *N20 

- 

1*N2 

4 

32 

1*0 

4 

1 *N20 

- 

2 *NO 


33 

UN 

4 

UN02 

= 

2*NO 


39 

UM20 

t 

1*H 

a 

UN2 

4 

35 

UN02 

t 

UH2 

a 

UHN02 

♦ 

36 

1 »OH 

4 

1*N02 

- 

i *mi03 

4 

37 

I *0N 

4 

UNO 

= 

UHNQ2 

+ 

3& 

UNDO 

4 

UH 

= 

1 *H2 

4 

39 

UH 

4 

UNO 


UHNO 

4 

90 

UHNO 

4 

UOH 

= 

UH20 

* 





ALL 

THIRD BODY 

RATIOS ARE 

M(H2 

, 16) = 

2.30000 

M( 02 

, 16) = 

0 .78000 

M(02 

, 18) a 

1 . 30000 

M(M2 

, 18) = 

1 . 30000 

H(H2 

, 19) = 

9 . 00000 

M( 02 

, 19) = 

1 . 50000 

I-UH2 

, 21) = 

9 . 10000 

M( 02 

, 21) = 

2.00000 

M( 02 

, 36) * 

0 70000 

M< H2 

, 36) a 

1 ,90000 


REACTION RATE VARIABLES 
A N ACTIVATION 

ENERGY 


M 

S.Ba800E4lS 

0 . 0000 

9100 . 00 

UO 

2.51200E*12 

0 . 0000 

97690 . 00 

1 *H 

4.169006*11 

0 . 0000 

1000 00 

1 KOH 

5.759006*13 

0 .0000 

22930 00 


6 . 80000EU 3 

0 . 0000 

18365.00 

I *0 

1 . 89000EM9 

0 . 0000 

16900 . OO 

1 *H 

9.20000EU9 

0 . 0000 

13/50.00 

1 *02 

7.28000EU3 

0 . 0000 

2126 .00 

1*02 

5.00Q00E+13 

0 . 0000 

1 000 .14 0 

1*02 

8. OOOOOEU2 

0 . 0000 

0.00 


1 . 39000E 4 1 9 

0 . 0000 

1070 . 00 

1MH 

7 .910006*1 3 

0 . 0000 

25000 . 00 

UH02 

6 . 10000E+ 12 

0 . oooo 

1930 . 00 

1*02 

1 8 0 000 E 4 1 2 

0 . 000D 

0 . 00 

UH20 

7 . 8 0000 E ‘ l l 

U . 0000 

0 . 00 


1 . 99 OOOE » 1 7 

0.0000 

95510 . 00 

1*H 

9. 7 90006*13 

0 0000 

6098.00 

M 

1 . 96 OOOE* 1 5 

0 . 0000 

-1000.00 

UOH 

1 . 30000F* 1 5 

0 0000 

10519D .00 

M 

7 . 10000E* 18 

- 1 0000 

0 . 00 


2. 20000EH9 

0 . 0000 

960UO . GO 


l 80000E* 18 

- 1 . 0000 

1 1 8 020 on 

UOH 

2 . 09000E 4 12 

0 0000 

-977 .00 

1*02 

1 . 0000 OE * 1 3 

0 oooo 

596 00 

M 

5 . 62000E41 5 

0.0000 

-1160.00 

UOH 

3.97Q0QE419 

0.0000 

1970 . 00 

U02 

3 .800006*09 

1 . oooo 

91370.00 

UN 

1 .80000E* 19 

0 oooo 

76250.00 

1 *QH 

2.63000E419 

0 oooo 

50910 . 00 

1 *0 

6 .92000E423 

- 2 . 5000 

65000 OD 

UQ2 

1 . 00000E* 19 

0 . oooo 

28020 , 00 


6 . 92000E4 1 3 

0 . oooo 

26630 . 00 


9 , 00000E* 1 2 

0 . oooo 

0 . 00 

UOH 

7 . 59000 E *13 

0 . oooo 

1510000 

1*H 

2 , 90000E* 1 5 

0 oooo 

29000 . UO 

M 

3 , 0000 0 E < 1 5 

0 . oooo 

-3800.00 

M 

5 . 6 00 0 0 E i 15 

0 . oooo 

-1700 . 00 

UNO 

5 . OOOOOE* 12 

0 . oooo 

Q UO 

M 

5.90000E* 15 

[) . oooo 

-600 .00 

UNO 

3 . 60000E* 1 3 

0 oooo 

0.(40 


0 EXCEPT 

THE rOLLOHING 




M( H2Q 

, 16 ) = 6 , 00000 

M( H202 

, lo ) = 

6 .60000 

M( H2Q 

, 18) =■ 21 . 30000 

M( M2 

, 18 ) = 

5.00000 

M( H2Q 

, 19 ) = 20 , 00000 

M(N2 

, 19) ^ 

1 . 50000 

M(H20 

, 21) = 15,00000 

M( 112 

, 21) ^ 

2.00000 


** INITIAL CONDITIONS ** 


TIME O.QQOOQEHJO StC 


AREA 0 . OQDOOEtOO SO CM 


AXIAL POSITION 0.000001*00 CM 


FLOW PROPERTIES 


INTEGRATION 1N0ICAI0RS 


PRESSURE 

(AIM) 

VEt OCITY 
( CM'' SEC ) 
DENSITY 
( G/CM* * 5 ) 
TEMPERATURE 
(DEG K) 

MASS now RATE 
(G/SEC) 
ENTROPY 
(CAL/G/DEG K) 
MACH NUMBER 


5 .10000 
0 .00 

8 35179E-09 
950.66 
0 OOOOOE+OO 
2 581 1 
0 . 0000 


STEPS FROM LAS! PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


0 

UUUUUULtUU 

0 


TOIAl NUMBt R OF STEPS U 
EUNCT EVALUAIIUIIS 0 
JACOBIAN EVALUATIONS 0 


GAMMA 


1 3519 


ENT HA l PY 2 . 2851 9t*02 

( CAl/G) 

SP. HE A I (CP) 3 . 63657 E"01 

(CAl/U/DEG K) 
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TABLE E.2. — Coniinued. 
(h) Continued. 


CHEMICAL PRUPLR (ItS 


SPECIES 

CONCENT RAT ION 

MOLE FRACTION NET SPECIES PRODUCTION 

REAC T ION 

KATE CONST 

NET REACT IUN COMV RAT E 

NET HAIE/POSl- 


(MUL L5/CI U * 3 ) 

RATE (MOT E/CM^S'SEC) 

NUMBER 

CGS uims 

( MUl E-CMmiJ/Uh tossed 

1 1 V L DIR RATE 

CU 

0 . 0UD00L • 00 

0. OOOOOE 400 9 . 557 59E-25 

1 

6 . 7206LI 14 

- 1 3/OZ2L18 

1 .00000 

U 

0 . OOOOOETOO 

0. OOOOOEiOO 4.21098E-11 

2 

2. 7317E401 

0 .000001 4 00 

0 . ooooo 

CU2 

a .40] ITDE-09 

2. 11400 E04 -9.55759E-25 

3 

2.45551.411 

0 . OOOOOE 4 00 

0.0 0 0 0 0 

02 

5.86721 E 06 

1 . 47640E - 01 -3 . 39 182E-09 

4 

3 . 0799E i 08 

0 OOOOOE ♦ 00 

0.00000 

UN 

0 . OUOOULi 00 

O.OOODOE400 O.OOOOOE4QO 

5 

4 . 0/88E409 

0 OOOOOE 4 00 

0.00000 

H 

o . nooouctoo 

0.000001.4 00 3.35098E-09 

6 

3.207 91 4 1 0 

0 . OOOOOE 4 00 

D . OOOOO 

MU2 

0 .OOOOOEiOO 

0. OOOOOE 400 3 34971E-09 

7 

2 . 8988 E ♦ 1 1 

0 . OOOOOE 4 00 

0 . 000 D 0 

H20 

0 . OOOOOEi 00 

O.OOOOOE4DO 0 . OOOOOE • 00 

8 

2 . 3625F4 1 J 

-4.80228E 05 

1 ooooo 

HZ 

1 . 1 7 341 E 05 

2 95273E 01 -3.35098E-09 

9 

2 944914] 3 

0 . OOOOOE < 0 0 

0 ooooo 

HZIJZ 

0 . 0 0 0 0 0 E * 0 0 

0. OOOOOE 400 O.OOOOOEtOO 

1 0 

8.QU00LH2 

0 OO 0 0 Of too 

0 ooooo 

II U 

l . ?aaz9E- o/ 

4 . 50000E -03 -4 . 35825E-1 1 

1 1 

7 .60541 * 1 3 

0 . OUGllOT 4 01) 

0 ooooo 

NCJ 2 

0 . U 0 0 0 0 L 4 00 

0 . OOOOOE ♦ 00 4.21096E-11 

1 2 

1 .41551408 

0 . OOOOOE i GO 

0 ooooo 

II 

U . 0 0 0 0 0 E * 0 0 

0. OOOOOE 400 7.51490E-21 

15 

2 . 86 1 4 E 4 12 

0 OOOOOE 400 

0 ooooo 

N2 

2 . 16903 E -05 

5.45807E01 -6.35262E-22 

14 

1 .8 0001 4 1 Z 

0. OOOOOEiOO 

D OOOOO 

N2U 

0 . OOOOOEiOO 

0 . OOOOOE' 400 1.21 953E- 1 6 

1 5 

7 .80001.4 1 ] 

0 . OOOOOE 4 00 

U OOOOO 

HTI02 

0 . OOOOOE 1 00 

0. OOOOOE 400 0. OOOOOEiOO 

16 

4 . 96 5 3E * 06 

0 OOOOOE t 00 

0 . 0 0 0 0 0 

UNO 3 

0 . QUOOOEi 00 

0 . OOOOOE * 00 0. OOOOOEiOO 

17 

1 . 8 7 8 9 L 4 1Z 

O.OOOOOEtOO 

0 ooooo 

UNO 

0 OOOOOE l 00 

0. OOOOOE 400 1.2723/E-12 

18 

Z , 4 7 8 8 f: i 1 5 

0 OOOOOE 4 0 0 

0 ooooo 

AR 

2.6101 5E-07 

6.568 TOE OJ O.OOO0UE4O0 

19 

8 . / 7 05E 1 0 

0 OOOOOE 4 00 

0 . ooooo 




20 

7 .46851 * 1 5 

0 . OOOOOE 4 00 

0 ooooo 




21 

1 . 8 7 38 E 08 

3 . 26 7 99C 1 1 

1 . ooooo 




22 

1 . 3974E 1? 

4.6 7 TOOL 16 

1 ooooo 




23 

2 . 690 3E 4 1 Z 

0 OOOOOEiOO 

0 ooooo 




24 

7 294 31 4 IZ 

-6 . 0 3 7 0 2 E 05 

1 ooooo 




25 

1 .0 38 51 4 U 

0 OOOOOE i 00 

0 ooooo 




26 

1 . 59 36 Et 14 

o . o u u n o l i oo 

0 ooooo 




21 

111 471 l 0 3 

o . u o u o o i mu 

000000 




28 

5. 3205L- 04 

O.UUUUUl. IQU 

0 . ooooo 




29 

6. 7774 E 402 

0 . OOOOOE 1 00 

0 .00000 




30 

2 , 8 3 1 5E 4- 01 

0 . OOOOOE 1 00 

0 . ooooo 




31 

3 . 6 1 7 5 E i 0 7 

-9 . 1G7 38E-16 

1 ooooo 




32 

5, 2247E407 

-1 74836E-10 

1 . ooooo 




33 

4 .00U0EH2 

-1 . 07737E -14 

1 ooooo 




34 

2 5637E4 10 

o . OOOOOEiOO 

0 ooooo 




35 

5 . 1 6 8 QE 1 06 

0 . OOOOOEiOO 

0 ooooo 




36 

2.2424E+16 

0 . OOOOOE i 00 

o ooooo 




37 

1 . 57721*116 

0 . OOOOOE i 00 

0 . ooooo 




38 

5 . 000 0 E < 12 

-1 .8241 2F.-06 

1 . ooooo 




39 

7 . 4 1 8 7 E t 1 5 

0 . OOOOOEiOO 

0 . ooooo 




40 

3.6000E< 1 3 

0. OOOOOEiOO 

0.00000 

DERIVATIVES (COS UNITS). 

T -5.8848/E-Q1 RHO 

5. 1 7 00 1 E 

-07 



MIXTURE 

MOLECULAR HEIGHT 

21.01616 TOTAL ENERGY EXCHANGE 

RATE 2. 

55482E+02 

MASS FRACTION SUM ) 

. 00000000 


(CAE-CM**3/G**2/SEC) 

CPU TIME POP INITIALIZATION OF ISEUS * 1.26Q0QU 3 


TIME 2 . 00000104 SIC 


ARIA 0 . DUUOUt i OU SM CM 


AXIAI POSH ION U UUOUUUUU CM 


HUH PROPER! 1 ES 


PRESSURE 

(ATM) 

vu oci rr 

( CIV SEC) 

density 

(G/C;i1»Mi5) 
UNPLRATURE 
(Dili K ) 

MASS I 1 OH RATt 
<C/S(C) 

tm k or r 

(CAt/G/UtG K ) 
MACH NUMBER 


5. 1G00U 
0.00 

з . 51 245E-Q4 

2541 . 16 

и . oouuut.* OU 

2 .6303 
0 .0000 


INTEGRATION INDICATORS 
STEPS PROM LAST PRINT 
AVERAGE STEP SIZE 
METHOD ORDER 


132 

0 . J 5U01E06 
3 


IT 


TOTAL NUMBER Ul SI EPS 228 
HJNLI LVAIUA II DM3 3/0 
JACOBIAN EVALUATIONS 30 


GAMMA 


1 . 2560 


ENTHALPY 2.28818t402 

( CAl Hi) 

SP HLAT (CP) 4 . I 3950E-Q1 

(CAL/G/DEG TO 
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TABLE E.2. — Continued, 
(h) Continued. 

CHEMICAL PROPERTIES 


SPECIES 

CONCEN I RA f I ON 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

KATE CONST 

NET REACTION CUNV KATE 

NET RATfc/POST- 


( MOL ES/CM* * 3 ) 


RATE (MOl E/CM**3/SEC) 

NUMBER 

CGS UNITS 

(HOLE CM*«3/G**2/5FC> 

TIVE DIR RATE 

CO 

1 6M66E09 

1 . I2A39E-QA 

6 .63A3UE-06 

1 

Z.61A3E* 1 5 

A. A 1 27 3E* 01 

0.95189 

0 

8 .80256E-08 

5.92079E-03 

-A . 92577E-03 

2 

1 . 9883E* 08 

-3 580A2E02 

0 .05288 

C02 

1 . 86 1 A8 E - 09 

t . 25207E-QA 

-6 .63A30E-06 

3 

3 . A 2 0 0 E * 1 1 

-9 9A 7 5 IE* 01 

005779 

02 

2.380AAE-07 

1 . 6 01 1 3E-Q2 

-6 . 95371 E- 0 3 

A 

6 . 1 36 2 E ♦ 1 1 

1 . 6 0922C ♦ 00 

0.76161 

OH 

3. 50002E 07 

2 35A19E 02 

-A .81 197E-03 

5 

1 7908L * 1 2 

29)8781 * 0 5 

0 . U00S7 

H 

2 . A 0 9 3 7 £ 0 7 

1 . 6 206 0 E - 02 

-1 . A8576E-02 

6 

7 . 3 A51 E ♦ 1 2 

1 . 77058E*0A 

D 0 0 5 1 9 

H02 

2 . 5A128E- 1 0 

1 . 709 32E 05 

-9. 53737 E- 06 

7 

2 . 7 586 E * 1 3 

A 27096t»0A 

0 . 00352 

H20 

A. D2200E06 

2. 7G528E Ql 

2 . 36 56 3E- 02 

8 

A . 7 78AE + 1 3 

1 8 3AI8L * 0 A 

0 . 7/3A2 

M2 

6 . 17267E-07 

A . 1 5 1 87 E - 02 

-1 . 3811 3E-02 

9 

A . 1 U 1 / E * 1 3 

5 7 58 OOE * 0 5 

0 . 77A22 

H202 

3 . 0809UE-1 1 

2 . 07 228 E - 06 

-5. 5793AE-06 

10 

8 . 00U0E* 12 

A A 6 6 1 1 1 * 0 1 

0 . 77A35 

NO 

7 . 516A9E08 

5 . 05575E 01 

2.A6971E-05 

11 

1 . U 8 A 1 E * 1 A 

A 17 19AE* OA 

0.77539 

N02 

1 6 8 5 LAE- 1 1 

1 . 133A6E 06 

3. 36730E07 

12 

5 , 5 9 8 6 L * 1 1 

- 2 735621 * 0 3 

0 .79352 

N 

1 . 1 A996E 1 1 

7 . 7 3A89E -07 

2.63812E- 07 

15 

A . 5956 L' * 12 

3 190 /3E * 0 2 

0 . 79A 36 

112 

9 . 1221 IE 06 

6 135/2E 01 

- 1 07127E-Q5r 

1A 

1 8000b * 1 2 

-9 16922E 02 

(1 . 08868 

N20 

A . 1 3 2 1 6 E - 1 2 

2 . 7 7 9 38 E 0 7 

1 . 7526SE-07 

15 

7 . 8000L* ) 1 

A A76 30E* 01 

0 .95381 

HNII2 

A . 5A027E 12 

? . 9 1 9 36 E - 0 7 

-3.9A736E 07 

16 

1 . 7552L* I 5 

3 . 07 21 5E ♦ 05 

0 . 01 92A 

UNO 3 

1 . 7A3A1E- 16 

1 . 17265E-11 

-1 .6999AE-11 

17 

1 A 1 6 9 Q H 3 

1 .012551105 

0 .0060 8 

HNO 

3.672A9E-1 1 

2 . A7019E-06 

-3 . 8281 OE-06 

18 

1 . 7797E*15 

6 731 1 A E ♦ 0 A 

0 . 79925 

AR 

1 . 09773E 07 

7 . 38358E 03 

0 . 0G000E*00 

19 

l 1 789E* 06 

-7 . 9230AE ♦ OA 

0 . 9 5 A 7 0 





20 

2.79A0E+15 

6 8 1 7 1 / E * 0 3 

0 . 9 5A67 





21 

1 , 2191 E* 06 

1 055331 * (IA 

0 .95A51 





22 

5 . 0 1 2 5 L * 0 A 

-3.012061*01 

0 . 9 5 A A A 





23 

2 . 29/OL* 12 

1 5 5 1 2 A E ♦ 0 2 

0 . A 36 18 





2 A 

8 8867EM2 

6 . A 06 1 A f ♦ 0 l 

0 . 59956 





25 

7. 0713 F *15 

A . 996 6 3E* 05 

0 88622 





26 

2.59361:* 1 A 

5 1 351/1*05 

060163 





27 

2.6/201. *09 

6 85876E l UU 

0 . 0A568 





28 

A . 9828E* 07 

8 . A662AE* 01 

0.26106 





29 

1 . 21ABE*1 0 

- 7 . 56 6 1 At* 0 1 

0 0 A 0 7 0 





30 

5. A610L* 09 

2.1312/1*01 

0 88685 





31 

3 8920E*11 

6 85A23E 01 

0 . 5973A 





32 

3. 5A67E* 11 

7 A8 7 39E 01 

0.71605 





33 

A . OOOOE*] 2 

3 .8818/E 03 

U 61785 





3A 

3 8 1 58E * 1 2 

1 8A579E* 01 

0 . 599 A3 





35 

7 .6930E* 10 

- 5 0212/fc *01 

0 88560 





36 

6 . 36 7 OE * 1 5 

-1 3 7 7 8 9 E - OA 

0.00003 





37 

7 . 8 A 1 A E * 1 5 

A . 701 31E *01 

0.00189 





38 

5. OOOOE *12 

3 . 357 0/E* 02 

0.95615 





39 

6 . 0813 E *15 

3 8 1689L*03 

D .28760 





AO 

3. 6000E + 1 5 

3 . 51221E* 03 

0 936A1 


DERIVATIVES (CHS UNITS). T 1./7523EMJ7 RMO -1.9AQ9AEMJ0 


M1X1URE MOLECULAR HEIGHT 23.625A6 TOTAL ENERGY EXCHANGE RATE -2.C0893E+1Q 

(CAL -CM**3/G**2/SEC) 


MASS TRACI ION SUM 1.U00U001Q 


COMPUTER TIME (CPU) REQUIRED. FOR THIS SUP - 9 . 86 0 00 1 E * DO S 


UP TO THIS TIME - 1 659000E*0l S 


***** SENS I T I V I T Y CALCULATIONS ****** 

TIME = 2 OOOOOD- 0 A 

SENSITIVITY COEFFICIENTS OF OORDER TIME DERIVATIVE JF DEPENDENT VARIABLES 


**** SENSITIVITY TO INITIAL CONDITIONS ***** 

DZ( II/DYZEROt J)»FIJ)/2<I), WHERE Z(I)= O-ORDER TIME DERIV. OF Y(I), I-COLUNN, J ROW 

F< J ) = YZERO(J) FOR YZERD(J) HOT EQt.AL TO 0 
- 1 . OE-A/l INITIAL MITT ) FOR YZERO(J) = 0 


PARAMETER 

CO 

C02 

OH 

H20 

H2 

NO 

UMP 

CO 

5. 1950-01 

A. 3130-01 

1 . 378D-0A 

-2. 015D-0A 

9 . 5AOD-OA 

-9. 365D-06 

-1 , 229D OA 

H2 

1 . 3 360*00 

-1 . 1 99 D * 0 0 

8 . A67D-01 

1 . 506D-01 

5 . 383D* 00 

-3.852D-02 

-3 . 7050-01 

02 

-8 . 292 D- 0 1 

7 . AA7D-01 

3. 077D-Q1 

9 . 769D01 

-A . 887 D * 00 

6 . 952D-02 

8 .7720 01 

H02 

2.1380*03 

-1 . 920D*05 

-7 . A5AD*03 

3 . 1 76 D*03 

-1 . 209 D * OA 

1 . 767 D* 02 

3 . 770D*03 

H202 

1 . 56 2D* 0 1 

-1 . A 0 3 D * 0 1 

-5 A A6 D* 0 1 

2.321 D*01 

-8 . 83AD* 01 

1.2910*00 

2.7550*01 

NO 

2.729D-01 

-2.A51D-01 

-9 953D-01 

A .2180-01 

-1 . 6 05D * 00 

1 . 012D* 00 

A . 977D 01 

TEMP 

1 . 1080*01 

-9 . 9A6D* 00 

- 3 . 6 56 D * 0 l 

1 . 57 7 D *0 1 

-6 0 0 A D * 0 1 

8 9 58 D 01 

1 . 9 06 D * 0 1 

DENS I I Y 

-8 .69511- 02 

7 .8080-02 

-2. 351D 01 

9 .916D-02 

- 3.7 58D-Q1 

A. 5A5D- 03 

1 . 181001 


TIME = 2 . QQQQOE-OA 


*** RLACT10N IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF G-ORDEK TIME DERIVATIVE OF Y( I ) HRI PR E EXPUN EH 1 1 Al CUNSIANfS »** 


VAR 1 A BL E 


6 

18 

8 

1 . 018E+00 

*6 . 199E-0I 

-1 . A02E-01 

6 

18 

8 

-9. 1A5E-0I 

5. 567E-01 

1 259E01 

6 

18 

8 

- 3 . 55 3E * QO 

1 . 98 2 E* 0 0 

A.869E01 


REACTION NUMBER 

NORMALIZED SENSITIVITY COEFFICIENT 


1 1 

17 

i 

1 . 182E01 

6 . 086E-02 

6 . 2A3E-U5 

11 

17 

5 

-1 . 062E-01 

-5 . A65E-Q2 

-5.606E-Q5 

11 

17 

i 

-A . 191E-01 

-2 056E-01 

1 . 257 E - 05 
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6 

18 

8 

1 1 

17 

5 

1 . 515E ^0 

-8. AA3E-01 

-2 . 079E 01 

1 .79AE-Q1 

8 .75AE02 

-3.079E-U5 

6 

18 

8 

1 1 

17 

5 

-5.766E»Q0 

3.213E+00 

7 .919E-01 

-6 8J5E-Q1 

-3.338E-01 

l .283E-0A 

6 

18 

8 

11 

17 

5 

8 . A3UL-02 

-A .7 U A E02 

-1 . 159E-02 

9 979E-03 

A . 8A7E-Q3 

-2 . 308E 06 

6 

18 

8 

11 

17 

5 

1 . 798EH1Q 

-1 . OOZE T 0 0 

-2.A67E-01 

2 . 1 28E~ 0 1 

1 .O38E-01 

-3 873E-05 


KNM REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF Y( I > WRT ACTIVATION ENEROIES *** 


VARIABLE 


REACTION NUMBER 

NORMALIZED SENSITIVITY COEFFICIENT 


CO 


C02 


OH 


H2 


NO 


TEMP 


6 

18 

8 

11 

17 

5 

9 . 973E-01 

-5.887E-Q1 

-1 . 316E-Q1 

1.120E-01 

5.767E-02 

2.268E-05 

6 

18 

8 

11 

17 

5 

-8.956E-01 

5 .286E-01 

1 .181E-01 

-1 . 006E-01 

-5 . 1 79 E- 02 

-2 . 037E-05 

6 

18 

8 

1 1 

17 

5 

-3. A78E+00 

1 . 97 7 E+ 00 

A.579E-01 

-3.933E-01 

-1 .981E-01 

3.077E-05 

6 

18 

8 

11 

17 

5 

1 . A82E+00 

-8 .A21E-01 

-1 .93SE-01 

1 .679E-01 

8 . A38E-D2 

-2.2636-05 

6 

18 

8 

11 

17 

5 

-5 . 6A3E+QQ 

3 . 205E* 00 

7 . A S6E-Q1 

-6 . 393E-01 

-3.21AE-01 

9 . 026E-Q5 

6 

18 

8 

11 

17 

5 

8 .2A9E-Q2 

-A . 686E-02 

-1 .087E-02 

9 . 3A1E-03 

A . 685E-03 

-1 . 573E-06 

6 

18 

8 

1 1 

17 

5 

1 .759E+00 

-9 . 995E-01 

-2. 318E-01 

1 992E-01 

1 . 001E-01 

-2. 767E-05 


(LSENS) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRLD FOR PROBLEMi 

TOTAL IIO. OF STEPS - 228 

T01AL NO. OF DERIVATIVE EVALUATIONS - 379 

TOTAL NO. OF JACOBIAN EVALUATIONS - 39 

TOTAL CPU TIME - 16.590000 S 


WORK REQUIRED BY SENSITIVITY ROUTINE. 

NO. STEPS * 228 

NO. FUNC. EVAL. = 228 

NO. JAC EVAL. s 228 

TOTAL REAL SPACE USED = 3A2A 

TOTAL INTEGER SPACE USED = 80 


TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 18.650002 S 


( LSLNS ) READ DATA FOR NEXT CASE 
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TABLE E.2. — Continued, 
(i) Case 9 


LEWIS SENSITIVITY AND GENERAL KINETICS PROGRAM 


NASA LEWIS RESEARCH CENTER 




BENZENE 

-OXYGEN-AR SHOCK 

IGNITION - 

WITH 

SENSITIVITY 

MECHANISM K-70 CASE 9 



REACTION 




REACTION 



REACTION RATE 

VARIABL ES 


NUMBER 








A 

N 

ACTIVATION 











ENERGY 

1 

UC6H6 

♦ 

1*02 

a 

1 *C6H50 

4 

1 *0H 

A.OOOOOE413 

0 . 0000 

3 A D 0 0 ,00 

2 

UC6H6 

4 

1 *C6H5 

= 

1 *C1 2H1 0 

4 

1 *H 

A . 00000E411 

0 . 0000 

A000 . 00 

3 



1 *C6H6 

= 

1 *C6 H5 

4 

1 *H 

1 . 00000E416 

0 . oooo 

1 08000 . 0 0 

A 

UC6H6 

4- 

1 *H 

S 

UC6H5 

4 

1 *H2 

2 . 50000EM4 

0 . oooo 

16000.00 

5 

UC6H6 

♦ 

UO 

S 

1 *C6 H50 

4 

1 *H 

2. 78300E413 

0 . oooo 

A910 .00 

6 

UC6H6 

♦ 

UOH 

3 

1 *C6H5 

4 

1 *H20 

2 . 1 J200E413 

0 . oooo 

A 58 0 . 00 

7 

M 

4- 

1 *C4H 3 

= 

1 *C4H2 

4 

1 *H 

1 . OODOOfc* 16 

0 . oooo 

60000.00 

8 



1 *C6H50 

3 

1 *C5H5 

4 

1 *C0 

2.51000EM1 

0 . oooo 

A 39 0 0 .00 

9 

1 «C6H5 

4- 

1*02 

3 

I *C6 H50 

4 

1*0 

2. 10D00E412 

0 oooo 

7A70 . 00 

10 

UC6H5 

4 

1*H02 

3 

l *C6 H50 

4 

UOH 

2.00000E413 

0 oooo 

1 000 . 0 0 

11 



1 *C6H5 

= 

UCAH3 

4 

UC2H2 

A . 5000QE41 3 

0 . oooo 

72530 . 00 

12 



UC6H50H 

= 

1 *C6 H50 

4 

1*H 

2.00000E+16 

0 . oooo 

86000 . 00 

13 

UC6H50H 

+ 

1*H 

= 

1*C6H6 

4 

UOH 

2. 20000E41 3 

0 . oooo 

7910. 00 

14 

UC6H50H 

4 

1 *H 

3 

1 *C6 H50 

4 

UH2 

1 . 15000E41A 

0 . oooo 

12A05. 00 

IS 

UC5H5 

♦ 

1 *C6H50H 

3 

1 *C6 H50 

4 

UC5H6 

2.67000E41A 

0 . oooo 

25227 .00 

H 



1 *C 5H6 

3 

1 *C5H5 

4 

UH 

B . 13000E»2A 

-2 , 9810 

78682 . UO 

17 

UC5H6 

4 

1*02 

3 

UC5H50 

4 

UOH 

1 . 00000E4) 3 

0 1)000 

20712.00 

18 

1 *C6H50H 

4 

1 *0H 

3 

1 *C6H50 

4 

1 *H20 

3 . OOQQOEU 3 

0 . oooo 

0.00 

19 

UC6H50H 

4 

1 *H02 

3 

1 *C6H5Q 

4 

UH202 

3. OOQOOE413 

0 . oooo 

1500 . 00 

20 



1 *C5H50 

3 

1 *C4H5 

4 

UCO 

3 . 00000E4 16 

0 . oooo 

15000 .00 

21 

UC5H5 

4 

1*0 

= 

1 *C5H50 



1 . OOOOOE 4 1 3 

0 . oouo 

0 . 00 

22 

UC5H5 

4 

UOH 

3 

1 *C5H40H 

4 

l *H 

1 . OOOOOE 4 1 3 

0 . oooo 

0 . 00 

23 



UC5HAQH 

3 

1 *C4H4 

4 

UHCO 

1 . OOOOOE 4 l 5 

0 .oouo 

22000 00 

24 

UC5H5 

4 

1 *HQ2 

3 

1 *C 5H50 

4 

UOH 

2 . OOOOOE 4 13 

0 . oooo 

0 . 00 

25 



2*C6 H5 

3 

1 *C 1 2H1 0 



3. 1 OOOOE 4 1 2 

0 . oooo 

0 . 00 

26 



1 *C4H5 

5 

UC2H3 

4 

UC2H2 

1 . AOOOOEU3 

0 .0000 

32900 . 00 

27 

UC4M2 

♦ 

1*0 

3 

1*C2H0 

4 

UC2H 

1 . OOOOOE 4 1 3 

0 .0000 

0 00 

28 

1 KC4H2 

4 

1 *0H 

3 

1 *HCO 

4 

UC3H2 

3 . OOOOOE 4 13 

0 .0000 

0 . 00 

29 

UCAH2 

♦ 

1*0 

3 

1*C0 

4 

UC3H2 

1 . 20000E 4 1 2 

0 .0000 

0 . 00 

30 

M 

4 

1*C2H4 

3 

1 *C2H2 

4 

UH2 

9 . 33000E4 16 

0.0000 

77200 00 

31 

1 *C2HA 

4 

1 *0H 

3 

1 *C2H5 

4 

UH20 

A , 786 OOE 4 1 2 

0 .0000 

1230 00 

32 

UC2HA 

4 

1*0 

3 

1*CH3 

4 

1 *HCQ 

3.31100E412 

0 .0000 

1 I 30 00 

33 

1 *C2HA 

t 

1*0 

3 

UCH2Q 

4 

1*CH2 

2 . 51200E4 13 

0.0000 

5000 , 00 

34 

1 *C2HA 

♦ 

1K0H 

3 

1*CH3 

4 

UCH20 

1 .99500E4 12 

0 .0000 

960.00 

35 

M 

♦ 

1 *C2H3 

3 

1*C2H2 

4 

UH 

3 . 0000 Ot‘4 1 5 

0 .0000 

32000 . 00 

36 

1 *C2H3 

4 

1*02 

5 

1 *CH20 

4 

1 *HCO 

3 . 98 OOOE+ 1 2 

0 oooo 

-250 .00 

37 

UC2M3 

4 

1 *H 

3 

i *C2H2 

4 

UH2 

6 . OOOOOE t 12 

0 oooo 

o . on 

36 

UC2H3 

4 

1 *0H 

3 

1 * C 2 H 2 

4 

1 *H20 

5.01 200£4 12 

0.0000 

0 . 00 

39 

UC2H3 

4 

1 *CH2 

3 

1 *C2H2 

4 

UCH3 

3 . 02000E4 1 3 

0 .0000 

0 00 

40 

UC2H3 

4 

1 *C2H 

= 

2*C 2H2 



3. 0200DE4 13 

0,0000 

0 . 00 

41 

1UC2H3 

4 

1*0 

3 

1 *C2H20 

4 

1 *H 

3. 30000E4 1 3 

0 oooo 

0 . 00 

42 



2*CH2 

3 

1 *C2H2 

4 

1*H2 

A . 0Q000E4 1 3 

0 oooo 

0 . 00 

43 



2*CH2 

3 

1 *C2H3 

4 

1*H 

5. 01200E4 12 

0.0000 

0 00 

44 

UCH2 

4 

1 *0H 

3 

1 *CH 

4 

1 *H2 0 

2 . 5 1 0 G 0 E 4 1 1 

0.6700 

25700 00 

45 

UCH2 

4 

1*0 

3 

1 *CH 

4 

UOH 

2 , 00G00E4 11 

0 6800 

25000 . 00 

46 

1*CH2 

4 

1*02 

3 

1 *C02 

4 

2*H 

1 . 5 9 0 0 0 E < 12 

0 . oooo 

1 000 . 00 

47 

M 

4 

1 *C2H2 

3 

1 *C2H 

4 

1*H 

A. 16900E416 

0 . oooo 

107000 . 00 

46 



2*C2H2 

3 

1 *C4H3 

4 

UH 

2 . 0000 OE * 1 2 

0 oooo 

A 5900 00 

49 

UC2H2 

4 

1*0 

3 

1 *CH2 

4 

1 *CG 

l . 60000E41A 

0 . oooo 

9890 00 

50 

UC2H2 

4 

1*0 

3 

1 *C2H0 

4 

1*H 

A OOOOOE 4 ] A 

0 oooo 

1 066 0 . 00 

51 

UC2H2 

4 

1 * OH 

- 

UCZH 

4 

UH20 

6. 3 1 000E 4 ) 2 

0 . oooo 

7000 . 00 
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52 

1*C2H2 

* 

1 *0H 


UC2H20 

4 

1 * H 

3. 2 OOOOE* 

1 l 

0 . 0000 

200 . 00 

53 

1 XC2H2 

t 

1 *C2H 

_ 

1 *04112 

4 

1 *11 

3 . OOOOOE i 

1 3 

0 . 0000 

0 . 00 

54 

1 XC2H2 

* 

1 *CH2 

2 

1 *03113 

4 

1 *11 

1 . 20000E * 

1 3 

0 . 0000 

6600 00 

55 

n 

f 

1 *C 3H4 

£ 

1*C3H5 

4 

1 * H 

2 . OOOOOE* 

17 

0 . oooo 

6500Q . DO 

56 

l *C2M20 

♦ 

1 *0H 

= 

1 *CH20 

4 

1 *1100 

2 . 8 OOOOE * 

l 3 

0 . 0000 

0 .00 

57 

1 *C2H2Q 

4 

1 *0H 

= 

1 *C2HG 

4 

1 *1120 

7 . 500Q0E* 

12 

0 . 0000 

3000 .00 

5& 

1 *C2H20 

+ 

1*H 

= 

1 *CH3 

4 

1*00 

1 . 13000E4 

1 3 

0 . 0000 

3928 .00 

59 

1 *021120 

4 

1 *H 

2 

1 *C2H0 

4 

1 *H2 

7 . 50000E 4 

13 

0 . 0000 

8000 00 

60 

1XC2H2Q 

t 

1*0 

2 

1 XC2H0 

4 

1 * OH 

5 . ODOOOE 4 

13 

0 . 0000 

8000 00 

61 

1XC2H20 

4 

1*0 

= 

1 * CH20 

4 

1*CQ 

2. OOOOOE* 

13 

0 . 0000 

0 00 

62 

M 

4 

1 *C2H20 

= 

1*CH2 

4 

uco 

2 . OOOOOE* 

16 

0 0000 

60000 . 00 

63 

1 *C 2H0 

4 

1 *02 

= 

2*C0 

♦ 

1 *0H 

1 96000E* 

12 

0 0000 

2500 . 00 

64 

] *02110 

4 

1 *0 

S 

2*00 

4 

I * H 

1 . 2 0 2 0 0 E ♦ 

12 

0 . 0000 

0 . 00 

65 

1 *02110 

♦ 

1 *0H 

- 

?*nco 



1 . ODOOOE * 

13 

0 0000 

0 00 

66 

1XC2II0 

4 

1 *H 

2 

1 *CH2 

4 

1*00 

5. OOOOOE4 

1 3 

0 . 0000 

0.00 

67 

1 *C2H0 

4 

1 *CM2 

2 

1 *C2H3 

4 

1*00 

3 . ODOOOE* 

1 3 

0 0000 

0 00 

66 

1 *02110 

4 

1 *0112 

2 

1 *CH20 

4 

1*C2H 

1 . 000 OOE 4 

1 3 

0 . 0000 

2000 . 00 

69 



2*C2HO 

2 

1 *C2H2 

4 

2*00 

1 . OOOOOE * 

1 3 

0 0000 

0 00 

70 

1 *C2H 

4 

1 *0H 

2 

1 *C2H0 

4 

1 * H 

2.U0000E* 

13 

0 . 0000 

0 .00 

71 

1 *C2H 

4 

1 *02 

X 

1 *C2H0 

4 

1*0 

5 . 0 0 0 0 0 E 4 

1 3 

0 . 0000 

1500 .00 

72 

1 *0211 

4 

1 *0 

2 

1*00 

4 

1 *CH 

5.01200E* 

13 

0 0000 

0 .00 

73 

M 

+ 

1 *CH4 

e 

1 *CH 3 

4 

1 * H 

2. OOOOOE* 

17 

0 0000 

66000 .00 

74 

1 *CH4 

4 

1*02 

- 

1 *CH3 

4 

1 * H 0 2 

7 993DQE* 

13 

0 0000 

56000 .00 

75 

1 *CH4 

4 

1*11 

S 

1 *CH3 

4 

1 *H2 

1 . 26000E* 

19 

0 . 0000 

11900. 00 

76 

1 *0M 

4 

1 *CH4 

s 

1 *CH 3 

4 

1 *H20 

2 . 50000E * 

13 

0 . 0000 

5010 .00 

77 

1*0 

+ 

1 *CH4 

x 

1 *CH3 

4 

1 * OH 

1 . 90000E ♦ 

19 

0 0000 

11720 00 

78 

1 *CH3 

4 

1*02 

X 

1 *CH3Q 

4 

1*0 

9 .78600E4 

1 3 

0 . DO 00 

29000 .00 

79 

1 *CH3 

+ 

1*011 

s 

1 *01130 

4 

1*11 

6 . 30000E * 

12 

0 . 0000 

0 .00 

60 

M 

4 

1 *01130 

s 

1 *01120 

4 

1*11 

5 . OOOOOE 4 

1 3 

0 0000 

21 OUO . 00 

81 

1 *01130 

+ 

1*02 

2 

1 *01120 

4 

1*1102 

1 .OOOOOE* 

12 

0 . 0000 

6000 .00 

82 

1 *01130 

4 

1 *H 

2 

1 *01120 

4 

1*112 

2 . OOOOOE* 

13 

0 . 0000 

0 .00 

83 



2*CH3 

2 

1 *C2H4 

4 

1 *H2 

] . OOOOOE* 

16 

o . ouno 

32000 00 

84 

l *CM 3 

+ 

1*0 

S 

1 *01120 

4 

1 *H 

1 . 28800E* 

19 

0 . 0000 

2000 .00 

85 

1 *CH3 

4 

1 *01120 

S 

1 *0H4 

4 

1 *1100 

1 . onouoE* 

1 0 

0 . 5000 

6000 . 00 

86 

1 *CHS 

4 

1*1100 

= 

1 *0114 

4 

1*00 

3. 020 00 t* 

11 

0.5000 

0.00 

87 

1 *0113 

t 

1*1102 

s 

1 *CH 30 

♦ 

1 *0H 

2. OOOOOEi 

1 3 

0 . 0000 

0 .00 

88 

M 

4 

1*01120 

X 

1 *HC0 

4 

1 *M 

5 . OOOOOE* 

16 

0 . 0000 

61 OUO . 00 

89 

1*01120 

4 

1*011 

2 

1 *1100 

4 

1 *H20 

3 . OOOOOE* 

1 3 

0 .0000 

1 200 . 00 

90 

i *01120 

4 

1 * H 

2 

1 *1100 

4 

1 *H2 

2 . 50000E * 

1 3 

0.0000 

3990 . 00 

91 

1*01120 

4 

1*0 

2 

1 *HCU 

4 

1 *0H 

3 . 50000 E * 

1 3 

0 .0000 

3510 . 00 

92 

1*1100 

+ 

1*1102 

2 

1 *01120 

4 

1*02 

1 . OOOOOE* 

19 

0 .0000 

3000 . 00 

93 

H 

4 

I * HCU 

2 

1 *M 

4 

1*00 

2. 99000E* 

19 

0.0000 

1 5569 . 00 

94 

I *1100 

+ 

1*02 

2 

1 *00 

4 

1 *H02 

3.31 100E4 

12 

o . oono 

7000 . 00 

95 

i*nro 

4 

1 *DH 

2 

1 *co 

4 

1 *H20 

1 . OOOOOEI 

19 

o . oouu 

0 . 00 

96 

1 *HC0 

4 

1*11 

2 

1 *co 

4 

1*112 

1 . 99500E* 

19 

0 .0000 

0 . 00 

9 7 

l *1100 

4 

1*0 

- 

1 *00 

4 

1 *0H 

1 . OOOOOE i 

19 

0 . 0000 

0.00 

98 

1 *0H 

4 

1*02 

2 

1 *HC0 

4 

1*0 

1 . OOOOOE* 

1 3 

0.0000 

0 . 00 

99 

1 *co 

4 

1*0 

2 

1 *002 

4 

M 

5 , 90000E* 

15 

Q .0000 

9100 00 

100 

1 *00 

4 

1*02 

X 

1 *C02 

4 

1 *0 

2 . 50000E* 

12 

0 0000 

9/690.00 

101 

1 *co 

4 

1 *0H 

= 

1 *C02 

4 

1 *H 

9 . 170G0E* 

1 1 

0 . 0000 

100000 

102 

1*C0 

4 

1*1102 

2 

1 *C02 

4 

1 *0H 

5. 75000E* 

13 

0 . 0000 

22930 . 00 

103 

1 *0 

+ 

1*1120 

2 

2*0H 



6 . 80000E * 

13 

0 . 0000 

18 365 . 00 

104 

1 *H 

4 

1*02 

2 

1 *0H 

4 

1 *0 

1 . 8 9 0 0 0 E i 

19 

0 0000 

16900 . 00 

105 

1*0 

4 

1 *112 

2 

1 * on 

* 

1 *H 

9 . 2 0 0 0 0 1: * 

19 

0 . 0000 

1 3750 00 

106 

1 *11 

4 

1 *1102 

2 

1*H2 

4 

1 *02 

7 . 2 8 0 0 0 f. 1 

1 3 

0 . 0000 

2126 . 00 

107 

1 *0 

4 

1 *1102 

2 

1 *0H 

4 

1*02 

5. OOOOOE* 

1 3 

0 . 0000 

1000 00 

108 

1 *1102 

f 

1*011 

£ 

1 *H20 

4 

1*02 

8 .OOOOOE* 

12 

0 . 0000 

0 . 00 

109 

1*11 

4 

1 *1102 

2 

2*0H 



1 . 39000E* 

19 

0 . 0000 

1070.00 

1 1 0 

1*112 

4 

1*1102 

2 

] *11202 

4 

1 *H 

7 . 9 1 OOOE * 

1 3 

0 . 0000 

25000 . 00 

1 1 1 

1*011 

4 

1*11202 

s 

1*1120 

4 

1 *1102 

6 . 1 OOOOE * 

12 

0 . 0000 

1930 . 00 

112 



?»H02 

S 

1KH202 

4 

] *02 

1 . 60000E * 

12 

0 . 0000 

0.00 

1 1 3 

l *H 

4 

l *11202 

2 

1*011 

4 

1*1120 

7 . 8 OOOOE > 

1 l 

0 . 0000 

0 00 

114 

M 

♦ 

1 *H202 

2 

2*0H 



1 .990001* 

17 

0 . 0000 

95510 00 

1 1 5 

1 *112 

4 

1 *UH 

2 

1*1120 

4 

1*11 

9 . 7 9 OOOE* 

13 

0 . 0000 

6098 00 

116 

1 *H 

4 

1*02 

2 

1*1102 

4 

H 

1 . 96 OOOE * 

15 

0 0000 

-1000 00 

117 

H 

4 

1*1120 

= 

1 *H 

4 

1 * OH 

1 . 30000E * 

1 5 

0 . 0000 

105190 . 00 

116 

1*11 

+ 

1*0 

5 

I * OH 

4 

M 

7 . 10000E* 

18 

- 1 .0000 

0 00 

119 

M 

4 

1*112 

2 

2*H 



2 . 20000E* 

19 

0 . 0000 

96000 00 

120 

H 

4 

1*02 


2*0 



1 . 8 OOOOE * 

18 

-1 0000 

118020 00 





ALL 

THIRD boor 

RATIOS ARE ] 

l . 0 EXCEPT 

THE EOl LOWING 




M( 112 

.119 1 

=■ 2 . 3 0000 

HC 02 

.119) 

3 

0 .78000 

M< H20 

,119) - 6 00000 

M( 11202 

,119) > 

6 .60000 

M< 02 

, 116 ) 

= 1 . 3000 D 

MCC02 

.116) 

2 

7 . 00000 

M< H20 

,116) = 21 . 30000 

M(H2 

,116) < 

3 00000 

M<C6H6 

,116) 

= 20 .00000 

mCH9 

,116) 

2 

5.00000 

M< H2 

,117) = 9.00000 

M( 02 

, 117 ) = 

1 . 50000 

M( H20 
M( 02 

.117) 

.119) 

= 20.00000 
= 2.00000 

MCC6H6 
M( H20 

,117) 

,119) 

2 

20 00000 
15 . 00000 

M( C02 

,117) = 9.00000 

M(H2 

,119) = 

9 . 10000 
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TABLE E.2. — Continued, 
(i) Continued. 


MM lNIl IAl CUNUl T1UNS k * 


tIMt O.GOl)QOt*OQ SEC AREA 


HOW PKUPtRlIES 

PRESSURE 2.38680 

( ATM) 

VELOCITY 0-00 

(cn/SEC) 

DENS I I Y 8 1 966 3E “04 

(U/CMKKi) 

TEMPERATURE 14U5.0U 

(DEG K) 

MASS EL OH RATE O.UQOOQE+OO 

(G/GEC ) 

ENTROPY 1 1945 

(CAWG/DEG K) 

MACH NUMBER 0.0000 

GAMMA 1 460/ 

ENT HAL PY 1.764b9E*02 

( CAl /G) 

SP MEAT (CP) 1.5912SE-U1 

(CAL/G/DEG K) 


0 . 00000E * 00 SO CM AXIAL PUS III UN 0 (10UUUE*00 CM 

1 N T EGK A 1 I ON INDICATORS 

STEPS F RUM LAST PRINT 0 

AVERAGE STEP SIZE O.OOOOOE*UQ 

METHOD ORDER 0 


101AL NlJMblK U( STEPS U 
PUNCT EVALUA1 IONS 0 
JACOBIAN EVALUATIONS 0 


CHEMICAL PROPERTIES 


PLCIES 

CDHCLNI RAT ION 
( MOL ES'CM* * 3 ) 

MOL 

C6H6 

3 498 /8E-07 

l . 

02 

2. 6048 St 06 

1 . 

C6M50 

0 00000E*00 

0 

OH 

0 . OOOOOE * 00 

0 

CtH5 

o.ooo n oE*no 

0 . 

C12M L 0 

0. UOOOO L: <00 

0 . 

IT 

11 . OOOOOE * 00 

u . 

112 

0 . OOOOOE * 00 

Q . 

0 

0 OOOOOE * 00 

0 . 

H20 

0 . OOOOOF. * 00 

0 , 

C4M3 

0. OOOOOE* 00 

0 

C4II2 

0 , OOOOOE * 01) 

0 . 

C BUS 

0 . OOOOOE* 00 

0 . 

CO 

o . oooooe*oo 

0 

1102 

D . UUOUDE* UU 

0 . 

C2H2 

O.OOOOOE*UO 

0 . 

C6H50H 

0 . OOOOOE *00 

0 . 

C5H6 

a . oooooe * uo 

0 

C5II50 

() 00000E*00 

0 . 

M2 02 

0 . OOOOOE *00 

0. 

C 4 H 5 

0 0 OOOOE* 00 

0 

C5H4UH 

0 OOOOOE* 00 

0 . 

04114 

0 . OOOOOE 1 00 

0 . 

TIC Cl 

0 OOOOOE *00 

0 . 

C2II3 

0 . OOOOOE* UO 

0 


MOL E FRACTION 


0 0 0 DOE * 00 
OQOOOE » 00 
00000E*DD 
OOOOOF * 00 
OOOOOE* 00 
OOOOOE* DO 
OOOOOE i 00 

ooaaof *oo 
00000 1. *ou 

OOOOOE TOO 
000G0E*00 
OOOOOE*OQ 
OOOOOE * 00 
OOOOOE* 00 
OOOOOE* 00 
OOOOOE* 00 
OOOOOF.* DO 
OOOOOE* 00 
OOOOOE *00 
OOOOOE * 00 


HE I SPECIES PRODUCTION 
RATE (MOL F/CHMX5/SEC) 
- I .8/557E-04 
-I 87502E-Q4 
1 B7502E-04 
L .8/502E-04 
5.55085E0B 
0 OOOOOE* 00 

5 . 55085C-08 
0 . OOOOOE* 00 

6 . 0569 3E-14 
0 . 0QOOOE*0O 
ft . OOOOOE* 00 
0 . OOOOOE * 00 
0 . 0 0 OOOE* 00 
0 . 0 0 0 0 ft E * 00 
G.OQOQOElQD 
0 . OOOOOE* 00 
0 OOOOOE* 00 
0 . 000 DOE * 00 
0 . 000001*00 
0 OOOOOE* 00 
0 . OOOOOE * 00 
0 . OOOOOE* 00 
0 . OOOOOE ♦ 00 
U . OOOOOE* 00 
U . OOOOOE * 00 


REACTION 

KA1 E CONST 

NUMBER 

CGS UNITS 

\ 

2 . 0 5 7 4 E ♦ 0 8 

2 

9 . 5467E* 10 

3 

1 , 586 5 E - 01 

4 

811181*11 

5 

4 7 9 4 6 E * 1 2 

6 

4.1 5 59 L * 1 2 

7 

4 . 6442L * U6 

8 

3 .72361 i 04 

9 

1 446 3E * 1 1 

) 0 

1 . 1979E* 1 3 

1 1 

2 . 55001 i 02 

12 

4.09/31*02 

I 3 

1 .2942E* 12 

14 

1 552 3 E ♦ 12 

15 

5 . 1 7 99E* 1 0 

16 

1 . 9399L *0 3 

17 

6 . QQ09E * 09 

18 

3 OOOOE * l 3 

19 

1 . 7 530EU 5 

20 

1 . 192/El 14 

21 

1 . OOOOE* 1 3 

22 

1 . OOOOE* 1 3 

23 

3 . /833E ♦ 1 1 

24 

2 . OOOOE * 1 3 

25 

3 1 0001 ♦ 1 2 


NET KLAC1 ION CONV RAIL 
(MU1 E-CM»K 3/GMK2/SLC ) 

2 .790/ It i U2 
0 , ooo DOT * 00 
8 26 10/1 02 
0 . OOOOOE * 00 
D OOOOOE * 0 0 
0 . 0 01)001. « 00 
0 . 01)0001 * 0(1 
0 . OOOOOE * 00 
0 . OOOOOE * 0 0 
0 OOOOOE * Oft 
0 II (10 DDL *00 
0 UIIOUllL. * 00 
0 OOOOOE * UU 

a ooctooi * ou 

0 OOOOOE * 00 
0 . OOOOOE * 00 
0 , 0 01)001 *00 
0 . DO 000 1 * 0 0 
U OOOOOE * 00 
a . U 01) DUE* 00 
0 0 0 1) 0 0 F I 0 0 
0 OOOOOE * 110 
0 . UUUUOI * 00 

o . o o o o o r * o o 

0000001*00 


NET RAIE/PUS1 
T I V I DIR RATE 
1 00000 
0 . 0 001)0 
1 UOOOO 
0 UOOOO 
0 . 00000 
0 . OOODO 

u uoooo 

0 . UOOOO 

0 uoooo 
0 00000 
0 0000 u 
0 uoooo 
0 . 00000 
0 uoooo 
0 00000 
0 . 00000 
0.00000 
0 0 0 Q 0 0 
u . uoooo 
0 000(10 
a uoooo 
0 uoooo 
0 0000 0 
fl 00000 
u uouuu 
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TABLE E.2. — Continued, 
(i) Continued. 


C2M0 

0 .OOOOOE + OU 

0 . OOOOOETOO 

0. OOOOOEtOO 

26 

1 . 06 78E* 08 

0 OOOOOEtOO 

0 00000 

C2»l 

0 . OOOOOE t QQ 

0 . OOOOOE * 00 

0 . OOOGQEt 00 

27 

1 . OOOOEt 1 3 

0 . OOOOOEtOO 

0 00000 

C 3)12 

O.ODOUOEIOO 

0 . OOOOOEtOO 

0 OOOOOEtOO 

28 

3 OOOOEt 13 

0 OOOOOEtOO 

0 . OOODO 

C2M4 

0 . 0 OOQOE * 00 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

29 

1 .2000EH2 

0. OOOOOEtOO 

0 . 00000 

CH3 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

30 

9 . 1477Et04 

0 . OOOOOEtOO 

0 . 00000 

CH2U 

0 . OOOOOEt OD 

0 . OOOOOEtOO 

0, OOOOOEtOO 

31 

3.0807Et 12 

0 . OOOOOEtOO 

0.00000 

CM2 

0 . OOOOOE tOO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

32 

2.2090EU2 

0 . OOOOOEtOO 

0.00000 

C2M20 

0 OOOOOEtOO 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

33 

4 . 1905EH2 

0 . OOOOOEt 00 

0 . DOOOO 

CH 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

34 

1 . 4 1 4 5E+ 1 2 

0 . OOOOOEtOO 

0.00000 

cn 2 

0 .OOOOOEtOO 

D .OOOOOEtOO 

0 . OOOOOEtOO 

35 

3. 1 585EU0 

0 OOOOOEtOO 

0 . OOODO 

C3M3 

0 .OOOOOEtOO 

0 .OOOOOEtOO 

0 . OOOOOEtOO 

36 

4 . 3528E t ] 2 

0. OOOOOEtOO 

0 . 00000 

C3H4 

0 . OOOOOEtOO 

0 . OOOOOEtOO 

0 OOOOOEtOO 

37 

6 . OOOOEt 12 

0 . OOOOOEt 00 

D . 00 0 0 0 

CHH 

0 . OOOUOE i 00 

0. OOOOOEtOO 

0 OOOOOEtOO 

38 

5. 0120Et J 2 

0 . OOOOOEt 00 

0.00000 

CM 31) 

0 . OOOOOEtOO 

0. OOOOOEtOO 

0 . OOOOOEtOO 

39 

3 . 02 0 0 E 1 1 3 

0 . OOOOOEtOO 

0.00000 

AH 

l . 7748 IE-05 

a . 57280E-01 

0 OOOOOEtOO 

40 

3 . 0200EU3 

0 . OOOOOEtOO 

0.00000 





41 

53000Et]3 

0. OOOOOEtOO 

0.00000 





42 

4. OOOOEtl 3 

0 .OOOOOEtOO 

0 . 00 0 00 





43 

5 . 0 1 20 E + 1 2 

0 . OOOOOEtOO 

0.00000 





44 

3 . 2430E t 09 

0 .OOOOOEtOO 

0 . 00000 





45 

3 . 57 OOE t 09 

0 .OOOOOEtOO 

0 . 00000 





46 

1 . 1113E+12 

0 OOOOOEtOO 

0 . 00000 





47 

9 .4630E-01 

0 . OOOOOEtOO 

0 . 00000 





48 

1 . 4495E t 0 5 

0 . OOOOOEtOO 

0 00000 





49 

4 6 31 4 Et 1 2 

0 . OOOOOEtOO 

0 00000 





50 

ft .78 7SEM2 

0 . OOOOOE t 00 

0 00000 





51 

5 1424EU1 

0 00000 1 too 

0 . 00000 





52 

2, 9788EU1 

0 . OOOOOE t 00 

0 ooooo 





53 

3 . OOOOEt 1 3 

0. OOOOOEtOO 

0 . ooooo 





54 

1 . 1286Et 12 

0 . OOOOOEtOO 

0 ooooo 





55 

1 . 5495Et07 

0 . OOOOOEtOO 

0 . ooooo 





56 

2 .8000EM 3 

0 . OOOOOEtOO 

0 . ooooo 





57 

2 . 56 1 OE t ] 2 

0 OOOOOEtOO 

0 ooooo 





58 

3 . 3102EO2 

0 . OOOOOEtOO 

0 ooooo 





59 

4 .2722Etl2 

0. OOOOOEtOO 

o ooooo 





6 0 

2 8481E* 12 

0 . OOOOOEtOO 

0 . ooooo 





61 

2 . OOOOEtl 3 

0 . OOOOOEtOO 

0 . ooooo 





62 

9 . 2864E t 06 

0. OOOOOEtOO 

0 . ooooo 





63 

5 . 96 3 1 E t ] 1 

0 . OOOOOEtOO 

000000 





64 

1 . 20Z0EU2 

0 . OOOOOEtOO 

0.00000 





65 

1 . OOOOEt 13 

0 . OOOOOEtOO 

0.0 0 0 0 0 





66 

5. OOOOEt 13 

0 . OOOOOE t OO 

0.00000 





67 

3. OOOOEtl5 

0 OOOOOEt 00 

0 . ooooo 





68 

4 8854Et 12 

0 . OOOUOE 1 00 

0 . ooooo 





69 

1 . 0000 E > 1 3 

o.ouoooEmo 

0 . ooooo 





70 

2. OOOOEt 1 3 

0 . 00U00E t 00 

0 . ooooo 





71 

2 . 92 1 7 E 1 1 3 

o. oooooei on 

0 ooooo 





72 

5. 0120E+ 1 3 

0 .OOOOOEtOO 

o ooooo 





73 

4 . 097 3E t 0 3 

o . oooooe i no 

0 ooooo 





74 

l . 5456EtQ5 

0. OOOOOE too 

0 ooooo 





75 

1 , 7754EM 2 

0 . OOOOOE 1 00 

0 ooooo 





76 

4 . 1555Et 12 

0. 00000 E too 

0 ooooo 





77 

2 8556EU2 

0 . OOOOOEtOO 

0 . ooooo 





78 

1 . 47 56 Et 09 

0 OOOOOEtOO 

0 ooooo 





79 

6 . 3000E t 12 

0 . OOOOOE > 00 

o ooooo 





80 

2. 7064Et 10 

0 . OOOOOE l 00 

0 ooooo 





81 

1 1660Et 11 

0 OOOOOEtOO 

0 ooooo 





82 

2. OOOOEt 1 3 

0 OOOOOE t 00 

0 ooooo 





83 

1 , 0528Et 1 1 

0 . OOOOOE t 00 

0 ooooo 





84 

6.2924EH3 

0 OOOOOE I 00 

0 ooooo 





65 

4 . 3 ? 05C t 10 

0 OOOOOE t 00 

0 . ooooo 





86 

1 . 1 320E 1 1 3 

0 OOOOOEt 00 

0 ooooo 





87 

2.0000103 

0. OOOOOEtOO 

0 ooooo 





88 

1 . 2569t t04 

0. OOOOOEtOO 

0 ooooo 





69 

1 .9519E03 

0 . OOOOOEt 00 

o ooooo 





90 

5 . 9881 E t 1 2 

0 . OOOOOEtOO 

0 ooooo 





91 

9 . 9 559 E t 12 

0 . OOOOOEtOO 

0 . ooooo 





92 

3.4146EM5 

0 . OOOOOEtOO 

0 . ooooo 





93 

1 . 11 32E02 

0 .OOOOOEtOO 

0 .0000 0 





94 

2.6984E01 

0 . OOOOOEtOO 

0.00000 





95 

1 . GQGGE+14 

0 . OOOOOEt DO 

0 . ooooo 





96 

1 9950EO4 

0 .OOOOOEtOO 

0.000 0 0 





97 

1 0000EO4 

0. OOOOOEtOO 

0 . ooooo 





98 

l OOOOEt 1 J 

O.OOOOUEtOO 

o ooooo 





99 

1 3 586 Et 1 5 

0. OOOOOEt 00 

0 . ooooo 





1 00 

9 5431ET04 

0. OOOOOE 1 00 

0 . ooooo 





101 

2.9146EO 1 

0 . OOOOOE 1 00 

0 . ooooo 





102 

1 5591Et 10 

0. OOOOOEtOO 

0 . ooooo 





103 

9 . 4 582E 1 1 0 

0. OOOOOEtOO 

o ooooo 





104 

5. 314QEHI 

0. OOOOOEtOO 

0 . ooooo 





105 

3 05080 )2 

0 . OOOOOEt 00 

0 . ooooo 





106 

3 3996 E t 1 3 

0 . OOOOOEt 00 

0 ooooo 





107 

3 4948E* 13 

0 . OOOOOEtOO 

0 . ooooo 





1 08 

8 . 0000 E t ] 2 

0. OOOOOEtOO 

0 . ooooo 





1 09 

9.13416)13 

0 . OOOOOE I 00 

0 . ooooo 





110 

1 02 1 9E 1 1 0 

o . oooooEt on 

0 ouooo 





1 1 1 

3 6550EO2 

0 .OOOOOEtOO 

0 ooooo 





112 

1 .aOOQEt 12 

0 .OOOOOEtOO 

0 . ooooo 





1 1 3 

7 .8000EO 1 

Q.OOOQOEtOO 

0 . ooooo 





114 

1 2001Et |0 

0. OOOOOEtOO 

0 . ooooo 





115 

5 . 336 IE t 12 

0 . OOOOOE < 00 

0 . ooooo 





116 

2 . 0888Et 1 5 

0 OOOOOL < 00 

0 . ooooo 





117 

5 . 7447E-02 

0. OOOOOE too 

0 ooooo 





118 

5 0534E1 15 

0 OOOOOEtOO 

o ooooo 





119 

2 56 7 3C -01 

0 OOOOOE too 

0 ouooo 





120 

5 6 1 58 E04 

4 . 507 4 5E - 08 

1 . ooooo 

DERIVAT 

IVES ecus UUItS) > 

T -5. 

1 0692E t 0 3 KHO 

Q . OUODOEi 00 



MIXTURE 

MOIECULAR WEIGHT 

39 . 5928 3 

TOTAL ENERGY EXCHANGE RATE 

2.68/73Et05 

MASS FRAC 1 1UN SUM 

1 . 00000000 




(CAl -CM* * S/G* 

*2/SEC) 






CPU TIME 

FUK INITIALIZATION 

OF L SENS = 

2.129997 S 
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TABLE E.2. — Continued, 
(i) Continued. 


TIME 3.QZB11E-09 SLC AREA G.QOOOOE*OQ SU CM AXIAL PUSHKIN O.UOOOUEIUO CM 

FLOW PROPERTIES INTEGRATION 1 ND LC A I DRS 


PRESSURE 

3.63501 

STEPS FROM IASI PKINI 

bO 

(ATM) 

VELOCITY 

0 00 

AVERAGE STEP SL2E 

0.8 1 U 5 36 

(CM'SEC) 

DENSITY 

S . 196836-09 

ME 1 HOD UK OtR 

3 

(C/CNKNS) 

1 EllPERA TURE 

206 S . 59 



(DEC K ) 

MASS n OH RALE 

0 00000fc*00 

THAI UIJMUIK 01 SUPS 

200 

(G/SLC) 
til TROPY 

1.2812 

RNCr EVA 1 UA 1 IONS 

30b 

(CAL/G/DEG K ) 
MACH NUMBER 

0.0000 

JACOBIAN EVALUAI IUNS 

36 

GAMMA 

1 9813 



ENTHALPY 

2.1333BE+D2 



( CA 1 /G) 

SP HEAT <CP> 

1 . S9/99E 01 




(CAL/G/UEG K ) 

CHEMICAL PROPERTIES 


.PECILS 

CONCEN 1 RA f ION 
(MOL ES/CH*i3) 

MOLE FRACI ION 

NET 5PELIES PRODUCriON 
KAIE (MOL E/CM*H3/SEC> 

C6H6 

i 95706E U8 

9 . 1 3868 E 09 

*1 . 16032E-02 

02 

1 6/598E-06 

7 .81999E 02 

- 1 . 9086 5E-01 

C6HS0 

3 , 77 7D3E- 09 

1 76 3 7 2E - 09 

- I . 37 9 38 E~ 0 3 

OH 

6 27 179E 08 

2.92865E 03 

3.07656E-02 

C6 II b 

3.50165E 09 

1 .6351 3E 09 

-1 S0995E- 0 3 

Cl 2N1U 

9 917/QE 09 

2 . 06 28 9 E 09 

-9 .9038 IE-09 

N 

2 . 96592E 05 

1 . 1 5125E 03 

1 2029 5E - 02 

M2 

2 . 522/8E08 

1 . 1 7809E 03 

9-91811 E~ 03 

0 

A . 9299BE 08 

2 . 3021 OE * 03 

2 .83327602 

H20 

A . 92189E 07 

2.29830E-02 

9 . 89969E -02 

C9H 3 

f \ 591. OF 0 9 

3 . 3 9 0 9 1 E 09 

l .77918E-03 

C A II 2 

2.55596E 10 

1 09057E 05 

7 05050 E -05 

C 5115 

5 1 6265E 08 

1 . 9 768 3E-0S 

-1 . 036 1 2£ - 02 

CO 

9 922U0E -0/ 

9 6 33 1 8 E - 02 

1 . 11691E01 

1102 

9 . 99953E 10 

2. 30890E 05 

- 9 81231E05 

C2H2 

2 05938E 08 

9 5251 IE 09 

- I . 68 259E- 0 1 

C 6 II b U II 

1 6M21E 08 

7.81523E-09 

-9.96910E-03 

C bH6 

7 . 93798E 09 

3 . 70699E 09 

-9.92616E-03 

C 51150 

2 16902C l 7 

l 01289E-12 

3.29176E-07 

H2U2 

1 1 3976E 11 

5 . 32223E 07 

1 . 0 028 3E- 06 

C9IT5 

3 5878 IE 12 

1 . 6 7 536E 07 

-1 . 7 7 523E- 06 

C5IT9UH 

7 . 0 7 0 76 E IS 

5. 30176E-10 

-3. 12696E-07 

r.9i»9 

9271 I2E 08 

9. 32929 E 03 

1 . 98356E-02 

lieu 

2 7 11 9 7 E 1 0 

1 . 26615E 05 

2 . 06916E -05 

C2H3 

5 . 31959E IQ 

2 . 9890 1 E 05 

3 . 362 06 E 06 

C2II0 

8 98997E 09 

3. 96929E-09 

6 . 98193E-09 

C2H 

3 , 219o2E 1 1 

1 501 1 OE '06 

1 . 12092E- 05 

C3M2 

6 . 91686E-1 0 

3 22990E-05 

9 . 52965E-09 

C2H9 

9 . 51217E12 

2. 10700E-07 

-5. 39955E-07 

CH3 

5.07927E-LI 

2. 3699BE-06 

-5.01826E-06 

CH20 

2 67723E-09 

1 . 25016E-Q9 

-1 . 05998E-05 

CH2 

7 02250E-09 

3 27923E- 09 

2.79029E-03 

C2H20 

6 . 55580E-10 

3.061 30E -05 

-3 98518E-05 

CH 

8 . 0282IE-I2 

3.79885E 07 

8 95177E-06 

C02 

1 L6338E-07 

5.93252E-03 

3 69010E-02 

C3H3 

1 .916 9 2E -09 

6 . 614UE-0S 

2.98928E-09 

C3H9 

9 . 7 3n61E- 1 0 

2 . 21 Q87E-05 

7 8 1 68 1 E- 0 5 

CH9 

5. 71018 E- 12 

2.66693E-07 

-9 . 59263E-07 

CH30 

1 . 906 5 1 E - 1 3 

6 . 56789E-09 

-9 . 75597E-09 

AR 

1 . 7 7 95 1 E-05 

ft . 28766E-01 

0 . QOOQOE+OO 


REACT ION 

RA 1 E CONSF 

III: 1 REAL! I UN C.UHV RA 1 t 

lit ( R A 1 1: /PUS I - 

NUMbLK 

CGS UNITS 

( MUL L CM* » 3/G* *2V5l C ) 

I1VL DIR KAIE 

1 

1 .02 51LUU 

9 989961 * 02 

0.99958 

2 

l . 5 1 1 7 E * 1 1 

-5.823331+02 

0.97921 

3 

3 8F75EI09 

- 1 . 099 101* 09 

0.90660 

9 

5.0^9911 12 

3 . 6000/El 05 

U . 98308 

5 

8 . 9 2 8 8 £ i 1 2 

1 208 591 it)9 

0 . 9989B 

6 

6 .99691:1 12 

1 . 2590/ L i 09 

0 . 9 8 5 U 2 

7 

9 . 56050 09 

1 0 9 5 5 0 E t 0 5 

099899 

8 

5 7 7 531 * 06 

3.2966 51 *09 

1 . 00000 

9 

3 9:201 I 1 l 

2. 6906 1L* 03 

0 y? 1 57 

1 0 

1 , 56810 1 5 

9. 03608 E *01 

0 99929 

1 1 

9 . 77951 * 05 

5 096571 103 

0 . 99996 

1 2 

1 . 011861. * 0/ 

$ .59/131 * 09 

0.I2S/5 

1 3 

5 ? 1 6 O 12 

• 6 .8 96 381 Mil 

0 . 0 3356 

19 

5 6, 960 12 

3 . 99/191 i 0 3 

0 . 99820 

15 

5 7 , 090 11 

- 1.1 29 3211* 0 2 

0 . 198 31 

16 

5, 1< 6 5 O Q 6 

5 . 19 566 f i 0 3 

0 08509 

17 

6 .91 26 0 10 

1 . 281621: * 03 

1 .011000 

18 

3 . 0H00E* 1 5 

9 .6781 5E*09 

0 99890 

1 9 

2 06 28 E * 1 3 

2 . 537 381- • 02 

0 . 989 37 

20 

7 . 8096 E * 1 9 

2 99 5291 * 119 

0 990 57 

21 

1 . OHUOF ♦ 1 3 

2 320621 i 09 

1 00000 

22 

1 . OOUiU ♦ 1 3 

2 95221 1 1 119 

1 00000 

23 

9 . 7 leer* 12 

2 . 9 5 2 2 5 L i 09 

0 59198 

29 

2 U II II 01 t 1 5 

9 .659951 i 02 

1 . (10000 

25 

5 . 1 U 0 0 L * 1 2 

- 1 .982761102 

0 7 2 38 3 

26 

9 6 '950 09 

2.995551:109 

0 99869 

27 

1 . 0 0 0 0 E * 1 3 

1 71 31 51 *U2 

0 . 999/0 

28 

3. OOOOE+13 

6 . 536 1 2E ♦ 02 

0 , 99938 

29 

l . 24QGE+ 1 2 

2 . 056 9 OE * 0 1 

1 . 00000 

30 

6 . 5102E+08 

8 . 6 099 5E - 02 

0 91959 

31 

3.5-85E+12 

-2. 18709 E *00 

0 59906 

32 

2.5 52E+12 

8 . 32793E-01 

1 .00000 

33 

7.9 -33E+12 

1 . 91809E* 00 

0 57599 

39 

1 . 5 95E» 12 

6 . 6 1 5 19E- 0 1 

0 99955 

35 

1 .2 -82EH 2 

2 , 05519E* 09 

097110 

36 

9.2.96EU2 

5.60902E*03 

1 00000 

37 

6 . 0 Q0EU2 

1 . 1711 JE+02 

0.99995 

38 

5. 0 2QE * 1 2 

2 . 9886 5E * 02 

0 . 99996 

39 

3.0700E+13 

1 .67912E* 02 

1.00000 

90 

3. 0200E+I3 

7 . 67987E- 01 

0 99851 

91 

3. 3JOOE+1 3 

t . 28 8 08 E * 0 3 

1 .00000 

92 

9 . 0 30 DE M 3 

2 . 9 3597 E * 0 3 

1 . 00000 

93 

5. 01206+12 

3. 67877E i 02 

1 . 00000 

99 

8 .05266*10 

5.27685C*01 

0 99966 

95 

8.21116+10 

9 22963E+0L 

0 99966 

96 

l . 2 96 7 E + 3 2 

2 . 18055E * 09 

1 OOOOO 

97 

2. 0: 7 0 Eh 0 5 

-2 . 96795E* 00 

0 . 99836 

98 

2,8 790E+Q7 

-1 ,90501E*03 

0 99999 

99 

I .9 .296+1 3 

2. 1 59 1 2E * 09 

0 99999 

50 

2.9U0E+13 

9 . 970186+09 

0 . 99875 

51 

l . 099EH2 

2. 12881E+03 

0 97291 

52 

S.OiBOEHt 

5. 796906*02 

0 99909 

53 

3 . 0 JQ06+1 3 

-9 . 30699E ♦ 0 1 

0 . 76073 

59 

2.9393EF12 

9 86093E * 02 

0 996 59 

55 

2 .7 195E+10 

-1 . 16392E+Q2 

0. 221 19 

56 

2 . 8 300 E v 1 3 

1 .71S17E»03 

0 99982 

57 

3.6i 50E* 12 

-6 .910956*01 

0 23809 

58 

9.9080EU2 

1 . 18059E*02 

0 99993 

59 

1 . Q7UE + 13 

-1 . 292 57 E * 02 

0 . 32539 

60 

7 . 1910CM2 

-1 .013116*02 

0 22776 

61 

2 .OQOOE + 1 3 

9 . 62079E l 02 

1 . 000(10 

62 

9 . 1611E+09 

-5 . 78988E * 02 

0 751 53 

63 

7 . 9979E+1 1 

1 . 6B098E* 09 

1 . OOOOO 

69 

1 . 2Q20E* 1 2 

7 98752E* 02 

1 . OOOOO 

65 

1 . OOOOE+13 

7 ,y2959E*03 

1 . OOOOO 

66 

5, OOOOE+13 

1 .550906*09 

0 . 99571 

67 

3. OOOOE+13 

2 . 6 6 1 96 E i 0 3 

l . OOOOO 

68 

6.1975E+12 

5.959766*02 

1.00000 

69 

1 .OOOOE+13 

1 . 07268E+03 

1 , OOOOO 

70 

2.0 JOOE+1 3 

5 721 12E+01 

0 .95329 

71 

3.9 U3E+1 3 

2 . 7 9 332E+ 0 3 

0.98702 

72 

5.0120E+13 

1 . 18221E*02 

1 . OOOOO 

73 

1 . 0086 E + 08 

-9 .65289E* 00 

0 . 99607 

79 

9. 62736+07 

-1 . 80 1 08 F- 02 

0.92935 

75 

6 9682E+12 

8.73099E-01 

0,59796 

76 

7 . 3897E+12 

2 . 536 72E*00 

0.69902 

77 

1 .C978E+13 

2.989096*00 

0.698/6 

78 

9.1313EU0 

3.63130E*00 

0 69597 

79 

6 .30006+12 

-2.859306*00 

0.08730 

80 

3. C220E +11 

1 . 390736*00 

0 . 98969 

81 

2. 5252E+ 1 1 

8 . 13918E-02 

0 99992 

82 

2.COOOE+13 

1 0522UE 01 

0.99998 

83 

9 . 1 6 06 E 1 1 2 

1 . 58 9 39 E - 0 2 

0 99683 

89 

7.9180E+13 

2. 99809E + 02 

0 99998 

85 

1 C566E+11 

2 . 1355UE 02 

0 99995 

86 

1 . 3 736E + 1 3 

2 . 8 1 2 7 OE - 0 1 

0 99998 

87 

2.LQ0QEU3 

7 .9121 ZE 01 

0.99299 
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TABLE E.2. — Continued, 
(i) Continued. 


88 

] . 

38A2E408 

89 

2 . 

2405E* 1 3 

90 

9 . 

4/ 0 9 1 * 1 2 

91 

1 . 

4902EH3 

92 

4 

82G0E+ 1 3 

93 

6 . 

6 598EH2 

94 

6 . 

031 IEH1 

95 

1 . 

0G00EH4 

96 

I . 

9950EH4 

97 

1 . 

0000E * 1 4 

98 

1 . 

0000E+13 

99 

2. 

1761EU5 

100 

2 . 

. 28 78E* 07 

101 

3 

. 269 5E ♦ 11 

102 

2 , 

1731E*11 

103 

7. 

8023E* 1 1 

1 0 A 

3 

, 4977E+12 

105 

1 

4810EU3 

106 

4 

.3403E*15 

107 

3 

9203EH3 

108 

8 

. 0000EU2 

109 

1 

0329EU4 

no 

I 

. 806 7 E * 1 1 

) 1 1 

A 

. 307 7 E ♦ 1 2 

112 

1 

. 8000E * 12 

113 

7 

.8000EM 1 

1 1 A 

2 

. 2 396 E ♦ 1 2 

115 

1 

. 0753EM3 

116 

1 

.862IEU5 

117 

I 

. 01 33E*04 

118 

3 

.4323EU5 

119 

j 

. 5845E*Q4 

120 

2 

. 9554E*02 


1 Q160/E*01 

086021 

5 598 041 *03 

0 . 99980 

9 . 3020 / 1 * 02 

0 . 999/8 

2 . 926 76E* 03 

0.99981 

-1 . 22 7 40 E* 03 

0 . 99222 

5.72921F.* 04 

0.99541 

4 . 07214E* 02 

0 . 999/4 

2.531 04b *03 

0 . 99999 

1 . 98492E* 0 3 

0 . 99999 

1 .98955E + 03 

0 . 99999 

1 . 99962E* 02 

1 . 00000 

3 . 3926 4E * 0 3 

0 . 99996 

5.61 387 E * 0 1 

0.99291 

2 . 9509 1 E * 04 

0 .97449 

I . 58649E* 02 

0 99982 

3 . 7 50 3QE ♦ 02 

0 . 01331 

1 . 55084E*05 

0.72205 

3 . 46 399E ♦ 0 3 

0 . 126 36 

7 .65U3E* 02 

0.97159 

1 . 38702E + 0 3 

0.97518 

3. 59955E+ 02 

0 . 97485 

1 . 86113E + 05 

0 99310 

-1 .642421*01 

0.83041 

3.89488E*00 

0 . 84984 

5. 45280E 01 

0 83251 

3.25880E-01 

0.99896 

2.32146E*02 

0 25957 

2 . 90 1 17 F* 03 

0 1 1457 

3. 56669E * 0 3 

0 94438 

-1 . 7 1692E*02 

0 .99860 

1 . 32785E * 02 

0.99862 

-1 . 1 301 OE < 01 

0 . 99842 

~3 . 1 58 7 2E * 0 0 

0 . 995U3 


DERIVATIVES < CGS UllllSJi T 
MIXTURE MOLECULAR HEIGHT 


7.54742E+07 RHO O.QOQOOE+OO 

38.27592 TOTAL EMERUV EXCHANGE RATE -ft . 88 37 QE* 09 

< CAL-CM**3/G* *2/SEO 


MASS TRACTION SUM 1.00000002 


CUMPUT tR TIME (CPU) REQUIRED. FOR THIS STEP 


2 . 0540Q0E+0 1 S 


UP TO THIS TIME - 8.349U01E+Q1 S 


SENSITIVITY CALCULATIONS mnnju* 


TIME = 3.028110-04 


SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES 


KKXil SENSITIVITY TO INITIAL CONDITIONS ***** 


U2( I )/'DYZERO( J ) *F ( J >/Z ( I ) 


WHERE Zll) = O-ORDER TIME DERIV . OF Y< ] 
F(J)- YZERO(J) FOR YZ£RO( J > NOT 


), I =COLUMfl, J = 
EQUAL TO 0 


= 1 . OE-A/( INITIAL MHT ) FOR YZERO< J > 


PARAME 1 tR 

C6H6 

C6H5 

H2Q 

CO 

C6H6 

-4 . 5950*01 

-2 . B48D*01 

8 .6990*00 

9 844D+00 

OH 

-6 . 8 8 4D * 0 0 

-4 . 358D* 00 

1 . 1570*00 

1 . 3060* 00 

AR 

6 8240*01 

4.2810*01 

-1.1290*01 

-1 . 2900* 01 

TEMP 

-2 . 0490*03 

-1 . 29 1 D * 03 

3 . 432D*02 

3.8420* 02 

DENSI TY 

-I . 1 7 3D* 02 

-7 . 382 D* 0 1 

1 . 972D+01 

2.223D*01 


C2H2 

C6H5UH 

C5H6 

TEMP 

PRESSURE 

-2.8750*01 
-4 . 3760*00 
4.3370*01 
-1 . 303D* 03 
-7 . 45 1 D* 0 1 

-4.7490*01 
-6 .9010*00 
6 . 9 1 6 D * 0 1 
-2.0560*03 
-1 , 1710*02 

-4.4100*01 
-6 . 47 4 D* 0 0 
6.4810*01 
-1 . 928 D* 0 3 
-1 . 1030*02 

3 . 0 6 3 D * 0 0 
4 .239D-01 
-4 . 30 1 D * 0 0 
1 . 2640*02 
7 . 2380*00 

3 . 524 D* U 0 
4 .8380-01 
-4 . 069D* 00 
1 .442D* 02 
9 . 254D* 00 



TABLE E.2. — Concluded, 
(i) Concluded. 


mkmm NORMAL I ZED SLNSIflVUY COEFFICIENTS H.R.I THE PREEXPUNEN T 1 AL CONSTANIS ***** 

DZ(I)/DA(J)*A( WHERE Zd) = O-ORDER TIME DER1V . OF YU), I^COLUMN, J^RUH 


KEAC NUM 

C6H6 

C6H5 

H20 

CO 


-5 .6920*0 1 

-3 . 5930*01 

9 . 5 34 D * 0 0 

1 . 0780*01 

2 

2 .0590*00 

1 . 345D* 00 

-3 .4880-01 

-4 . 016D-01 

3 

1 . 759D+00 

5 . 978 D- 0 1 

-2.5390-01 

-2.8680-01 

4 

-7 . 968D-0I 

-3 . 372D-01 

1 .145D01 

1 . 3450-01 

5 

1 . 277D* 01 

7 . 8 7 3D * 0 0 

-2 . 256D* 00 

-2.5270*00 

6 

-2. 1740*01 

-1 . 3 1 5 D ♦ 0 1 

3.6000*00 

4 0730*00 

7 

- 1 . 1621) 02 

-8 . 3 54 D- 03 

2. 378D-03 

3 . 055D 03 

8 

-6 .0440*01 

-3.8Q3D*01 

1 . 015D* 01 

1 . 1 50D* 01 

10 

2 .765001 

1 . 708D-01 

-4 . 691D02 

-5.2830-02 

1 1 

1 . 364D-01 

-1 .7540-01 

-3 . 38 7 D- 02 

-4.2760-02 

12 

4 .1420*01 

2 . 6Q9D*01 

-6 9540*00 

-7 . 86 2 D *00 

1 3 

1 . 500D * 00 

9 .4190-01 

-2 . 5180-01 

-2 . 830D-01 

14 

7 .8600-01 

5. 0010-01 

-1 . 329001 

-1 . 46 2D- 01 

1 5 

2 . 39 5D *00 

1 . 508D* 00 

-4.029D-01 

-4, 553D01 

16 

-1 .9620* 0) 

-1 .2350*01 

3. 3060* 00 

3.7350*00 

J 7 

-3. 337D»01 

- 2 . 097 D ♦ 0 1 

5.6450*00 

6 . 3780* 00 

IS 

1 . 9 0 3 D* 0 1 

1 . 20 3D * 01 

-3 . 0930*00 

-3.5090*00 

19 

2 . 3220*00 

1 . 4 59D * 0 0 

-3.969D-01 

-4 . 5020-01 

20 

0 .0000*00 

0 . OOOD*OQ 

0 . 0000*00 

0 . 0000*00 

21 

-6.9410*00 

-4 .292D* 00 

1 ,2510*00 

1 . 428 D * 00 

1 0 L 

-1 . 2060*00 

-8 . 0 J7D-01 

1 . 90 1 D - 0 1 

1 .8690-01 

104 

-2 .7280*01 

-1 . 6 9 4 D * 0 1 

4 . 551D* 00 

5 .1170*00 

116 

-2 . 0 1 6 D * 00 

-1 . 2590*00 

3 . 413D-01 

3.8460-01 


C2H2 

C6H50H 

C5M6 

1 LMP 

PRESSURE 

-3.6100*01 

-5.6910*01 

- 5 . 3 3 7 D * Q 1 

3.4940*00 

3 9880* 00 

1 . 26 3D* 00 

2 . 045D* 00 

1 .9040*00 

-1.2830-01 

-1 . 466001 

9 .1450-01 

1 4130*00 

1 . 3270*00 

-9 . 098D-02 

-1 , 042D 01 

-4 . 102D-01 

-7 069D-01 

-6 . 318D 01 

4 . 2CI5D 02 

4 .8240-02 

8 . 691D*00 

1 368D * 0 i 

1 .2900*01 

-8 . 2851)- 01 

9 .44 51) 01 

-l . 337 D* 0 1 

-2 139D*01 

-1 .9890*01 

1 . 5161) i 0 0 

1 . 5020* 00 

-1 . 20 3D 02 

-5 S60D 03 

-8 . 0830 03 

8 .6720 04 

1 . 0101) 0 I 

-3.8530*01 

-6 1010*01 

-5.643D* 01 

3. 722D* 00 

4.2490*00 

1 .77ID-01 

2 8110-01 

2 .6410-01 

-1 . 720D02 

-1 . 962002 

2.247D01 

2 2550-01 

2 .2460 01 

-1 . 524D-02 

-1 6920 02 

2.6350*01 

4 1570*01 

3.6900*01 

-2.5510*00 

2 . 911D*00 

9 .628D-01 

1 51 3D * 00 

1 .4240*00 

- 9 . 21 7 D -02 

-1.051 001 

5 . 06 0 D - 0 1 

7 2500-01 

7 . 140D-01 

-4 .8030 02 

-5 4710 02 

1 . 523D* 00 

2 4040*00 

2. 253Di 00 

-1 . 478D-01 

1 6870- 01 

-1.2480*0) 

-1 9 7 1 D * 0 1 

-1 .8570*01 

1 . 21 31) * 00 

1 3840*00 

-2.1220*01 

-3 3670*01 

-3 1680*01 

2 . 07) 0*00 

2 . 36 30*00 

1 . 21 8D* 01 

1 7990*01 

1 7580*01 

-1 . 142D*00 

1 . 3030*00 

1 . 4 7 5D * 0 0 

2 3520*00 

2.2070*00 

-1 .4640 01 

-1 6700 01 

0 . OQODi 00 

0 0000*00 

0 . 0000*00 

0 . 11 0 U 1) *0 0 

0 0000*00 

-3 . 922D* 00 

-7 . 355D*00 

-7 .2470*00 

4 .6550 01 

5.3050 01 

-7 .953D-01 

-1 1 62 D* 00 

-1 . 1 20D* 00 

8 56 OD 02 

9 . 56 4 0- 02 

-1 .7 340*01 

-2,6930*01 

-2 . 5550*01 

1 .6 56 0*00 

1.8900*00 

-1 .2660*00 

-2 .070D*00 

-1 .9380*00 

1 .2510 01 

1 . 42/0 Ul 


***** NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE ACTIVATION ENERGIES ***** 

DZtl )/DE< J)A[-R*TD/Z(I)J, WHERE Z(I)= 0 -ORDER TIME DERIV. OF Y(I), I=CQLUMH, J=ROU 


REAC NUM 

C6H6 

C6H5 

H20 

CO 

C2H2 

C6H50H 

C 5 116 

TEMP 

PRESSURE 

1 

-5 , 600D*01 

-3.5340*01 

9 . 3820*00 

1.0610*01 

-3. 553D*01 

-5.6010*01 

- 5 . 252D* 01 

3.4390*00 

3.9250*00 

2 

2 . 026D* 00 

1 . 3150*00 

-3. 443D-01 

-3 . 96 3D" 01 

1 . 26 5D * 0 0 

2. 019D*00 

1 .88 10*00 

-1 . 266D01 

-1 , 447D-01 

3 

1 .5170*00 

6 *0890-01 

-2.249D-01 

-2.5430-01 

8 .1740-01 

1 .2690*00 

1 . 1890*00 

-8 . 0980-02 

-9.2701) 02 

4 

-7 .7080 01 

-3 7420 01 

1 . 1520-01 

1 . 341 D- 01 

-4.2060-01 

-7 . 035D-01 

-6 . 374D-01 

4,2330-02 

4 .850002 

5 

1 . 200 D * 0 1 

7.4270*00 

-2.095D+00 

-2 . 350D* 00 

8 . 0430*00 

1 . ?66 0*01 

1 . 1 9 3D * 0 1 

-7 .6930 01 

-8.7710-01 

6 

-2 . 0620*01 

-1 .26 30*01 

3 4250*00 

3 . 8760*00 

-1 . 2770*01 

-2 , ( 360*01 

-1 .8970*01 

1 .2530*00 

1 ,4300* 00 

7 

-9 . 325D-03 

-6 . 572003 

1 . 8760-03 

2.3800-03 

-9.269D-03 

-5. IB2D-Q3 

-6 825D-03 

6 ,8520-04 

7 .957 0 04 

8 

-5.7520*01 

-3.6200*01 

9.6580*00 

1 . 0940*01 

-3.665D*01 

-5. < 96 D* 0 1 

-5. 382 D * 0 1 

3 . 54 30*00 

4 , 0440*00 

1 0 

2 . 589D-01 

1.6070-01 

-4 . 3820-02 

-4 . 936D- 02 

1 .6550-01 

2.t 24D-01 

2.465001 

- 1 ,6070 02 

-1 .8330 02 

1 1 

1 . 3940- 01 

-9 .1940 02 

-3 . 102D-02 

-3 .8530- 02 

1 .8570-01 

2 . ( 220 01 

1 .9800-01 

-1.3430 02 

-1 . 4990 02 

1 2 

3.9660*01 

2 . 49SD * 0 1 

-6 .6590*00 

-7 . 5270*00 

2 . 523D *0 1 

3 . 9D * 0 1 

3. 7 26 D* 01 

-2.4420*00 

-2.78/0*00 

1 3 

l . 497D+00 

9 . 403D-01 

-2.512D-01 

-2.8240-01 

9 .5960-01 

1 . f 08 0+0 0 

1 .4190*00 

-9 . 19 3D-02 

-1 , 0490 01 

1 4 

6 . 7660-01 

4 . 302D-01 

-1 . 142D-G1 

-1.2610-01 

4 .3310-01 

6 . :.32D-01 

6 .1670-01 

-4 . 1 35D- 02 

-4 . 7 11 D 02 

15 

2 . 2900*00 

1 . 442 D* 00 

-3 .8520-01 

-4 . 3530-01 

1 .4560* 00 

2 . i: 9 9 D * 0 0 

2 . 155D*00 

-1 .41 3D 01 

-1 .613001 

16 

-l . 90 l D * 0 1 

-l . 1 97 0* 01 

3.2020*00 

3 .6180*00 

-1 .2090*01 

-1 . 4 09D * 0 l 

-1 .7970* 01 

1 . 1 750*00 

1 . 34 1 n* no 

1 7 

- 3 . 1260* 0 L 

-1 . 967 0*01 

5 . 286 D* 00 

5.9730*00 

-1 .9900* 01 

-3 . 1 53D*01 

-2. 966D*01 

1 . 9400* 00 

2 . 21 30* OU 

18 

1 , 7 36 0* 01 

1 .0980* 01 

-2 .8360*00 

-3.2130*00 

1 . 107D*01 

1 .<=590*01 

1 . 5910*01 

-1 . 0450*00 

- L . 1921)1 00 

19 

2 . 1 2 1 D * 00 

1 . 3320*00 

-3 , 620D-01 

-4 . 1050-01 

1 . 3450* 00 

2.3470*00 

2 .0130*00 

- 1 . 3350 01 

- 1 . 5220-01 

20 

0 . 0000*00 

0 .0000*00 

0 . D00 D * 00 

0 . 0000*00 

0.0000*00 

0.0000*00 

0 . 0000*00 

0 , 000 D * 00 

0 . 0000*00 

21 

-6 . 596 D * 00 

-4. 092D+00 

1 . 1 7 2 D ♦ 00 

1 3350*00 

-3.8600*00 

-6.9160*00 

-6 .7 370* 00 

4 . 3490 01 

4 958D-01 

101 

- 1 . 0 3 5D * 00 

-6 . 820D- 01 

1 .647D01 

1 651D01 

-6 . 770D-01 

-1 . 0 0 7 D * 0 0 

-9,6560-01 

7.2201) 02 

8 086 D- 02 

104 

-2.4910*01 

-1 .5530*0 1 

4 . 1 5 8 D * IJ 0 

4 . 68 OD * 00 

-l , 5820*01 

-2.4650*01 

-2.353D+Q1 

1 .5150*00 

1 . 7 300*00 

116 

-1 . 955D * 00 

-1 . 224D * 00 

3 . 305D-01 

3.726D-01 

-1 .2330* 00 

-1 .4960*00 

-1 87 1 D * 0 0 

1 . 212D ■ 01 

1 . 3820 01 


( L SENS ) END OF THIS CASE 


SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM. 

TOTAL HO. OF STEPS - 2A7 

TOTAL NO. OF DERIVATIVE EVALUATIONS - 385 

TOTAL NO. OF JACOBIAN EVALUATIONS - A4 

TOTAL CPU TIME - lQ3.38‘-999 S 


WORK REQUIRED BY SENSITIVITY ROUTINE. 

NO. STEPS = 247 

NO. FUNC. EVAL. = 247 

NO JAC. EVAL. = 247 

TOTAL REAL SPACE USED = 16824 

TOTAL INTEGER SPACE USED - 124 


TOTAL CPU TIME ( INCLUDING I/O) REQUIRED = 108.609993 S 


( L SINS > READ DATA FOR NEXT CASE 
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